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Introduction 
Our fellow-countryman Petrus Camper (1791), professor of anatomy 
in the University of Franeker and afterwards at Amsterdam and Gronin-
gen, was the first to make a scientific attempt at facial analysis; he 
introduced the concept 'facial angle', named after him. Since Camper 
a great number of investigators have paid attention to head and face, some 
by using methods similar to his, some by introducing new ways of re -
search. 
The first investigations in this field were mostly carried out on skulls, 
mainly in order to identify a dead person's sex and race, while research 
at the end of the last century and in the present one was chiefly con-
cerned with the growth of head and face; on the whole the latter kind was 
carried out on living individuals. 
In our approach on the growth changes in the human head, face, and 
stature, we have used both the anthropometric and the photogrammetric 
method. Although the term 'growth' is nowadays applied in different 
ways we accept as a working definition the following: The increase in 
size or substance by assimilation of new matter into the living organism. 
9 
The present study may be seen as an empirical, descriptive contribu-
tion to our knowledge of head, face, and stature rather than a theoreti-
cally deduced experimental contribution. The author's study is a statis-
tical study. Therefore, in most cases the mean, the standard deviation 
and sometimes the standard error of each measurement are presented 
in tabular form. 
The author was interested in determining what changes in the form of 
the face are actually taking place, rather than the cause or sites of such 
changes. The lack of recent Dutch data for any measurements other than 
those of stature and weight, and the incompleteness even of such data 
over the age level 7-14 years and 20-60 years, was an additional reason 
for undertaking the survey. 
I. Aims of the present investigation 
The main purposes of the present study have been: 
1. to investigate by means of an appropriate photogrammetric method 
the differences for age and sex in the integumental face, for children 
as well as for adults; 
2. to analyse by means of this method the growth changes in the integ-
umental face of semi-longitudinal child material. 
At the same time the author hopes by performing the standard 
anthropometric measurements, carried out on the heads, faces, and 
statures of the children and worked out in the same way as those sub 
1-2, to have presented workers in this field with comparative material. 
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I I.Material 
INTRODUCTORY 
Gathering the mater ia l for the present study was begun at Nijmegen 
(Netherlands) in 1961, in the course of which year the author, accompa-
nied by a school medical officer, visited five p r imary schools. The 
pupils of these schools - three for g i r l s , two for boys - belonged to 
various socio-economic groups. Dutch pr imary schools comprise six 
forms; children a r e admitted to the first form at the age of six. 
The school medical officer would first do a routine examination of 
the pupils of the first , fourth and sixth forms; next, the children would 
see us in another room to be measured. Nearly all the children were 
accompanied by their mothers; both mother and child were included in 
our resea rch . 
In order to get data on male adults, those men whose wife and two or 
more children had already been regis tered in our mater ia l , were invited 
to see us at the University 's Laboratory for Physical Anthropology. In 
view of the comparatively small number of these male adults a number 
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of male staff members of the Medical Faculty were asked to participate 
in the investigation. 
To get longitudinal mater ia l , a follow-up of a number of boys and 
g i r l s was done in 1963 and 1964. 
Standardized facial photographs were taken of men, women and chil-
dren; anthropometric measurements of head, face, and s ta ture of the 
children only. 
NUMBER OF SUBJECTS 
The total number of persons examined in 1961 was 360 boys, 359 
g i r l s , and 478 women. 
In 1963 a number of 129 boys and 102 g i r l s were re-examined, and 
of these children 117 boys and 97 g i r l s were measured a third t ime in 
1964. 
Over 1963/1964 149 men, fathers of children whose data had been 
regis tered, were examined; so were 98 male staff members of the 
Medical Faculty, which brought the total number of men up to 247. 
AGE DISTRIBUTION 
Table aa shows the age distribution of boys and g i r l s in the present 
mater ia l . Age 7 years means an age ranging between 6.6 and 7.5 years ; 
age 8 years is an age between 7.6 and 8.5 years , e tc . The table includes 
also children who were re-examined; the composition of such mater ia l 
is called mixed-longitudinal (see below). 
In addition to the above age range. Table aa also presents the age 
distribution at 6.0-6.9, 7 .0-7 .9years , etc . in order to facilitate a com-
parison with other l i te ra ture . The average values of the measurements 
at those age levels were calculated, but they have not been tabulated; if 
needed, some of these data a r e given in the text. 
The age distribution of the children who were investigated more than 
once (the longitudinal material) a r e given in Table bb. These children 
can be grouped together in various ways, but only those groups have 
been reported which were used in analysing this mater ia l . Age 7 years 
means an age ranging between 6.6 and 7.5 years , etc . (In view of Table 
bb below it would in fact be more exact to use the t e r m 'semi-longitu-
dinal ' mater ia l , instead of 'longitudinal' material) . 
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T a b l e aa 
Age and sex distribution of children in mixed-longitudinal mater ia l 
age 
in years 
6.6- 7.5 
7.6- 8.5 
8.6- 9.5 
9.6-10.5 
10.6-11.5 
11,6-12,5 
12.6-13.5 
13.6-14.5 
Total 
boys 
80 
39 
74 
97 
103 
102 
55 
32 
582 
girls 
108 
32 
78 
106 
70 
90 
44 
528 
total 
188 
71 
152 
203 
173 
192 
99 
32 
1110 
age 
in years 
6.0- 6.9 
7.0- 7.9 
8.0- 8.9 
9.0- 9.9 
10.0-10.9 
11.0-11.9 
12.0-12.9 
13.0-13.9 
14.0-14.9 
Total 
boys 
52 
56 
54 
78 
110 
101 
90 
44 
16 
601 
girls 
80 
56 
58 
83 
95 
79 
79 
22 
552 
total 
132 
112 
112 
161 
205 
180 
169 
66 
16 
1153 
T a b l e bb 
Age and sex distribution of children in longitudinal mater ia l 
years when measured 
7 
X 
X 
8 9 
X 
X 
10 
X 
X 
X 
11 
X 
X 
12 
X 
X 
X 
13 
X 
X 
14 
X 
X 
number 
of boys 
46 
44 
46 
24 
34 
21 
number 
of girls 
39 
32 
21 
16 
17 
17 
Table cc shows the age distribution of adults. This mater ia l has been 
divided into four age-groups, each covering a period of ten yea r s . 
It should be noted that the total number of persons in the different 
tables may show slight variations, explained by the fact that either not 
all persons examined a r e covered by the age-groups presented in the 
tables , or that somehow accurate measurements or photographs could 
not be taken of them. 
The number of persons in some age-groups is smal l . This fact was 
allowed for when describing the r e su l t s . 
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T a b l e cc 
Age and sex distribution of adults 
age in years 
20-29 
30-39 
40-49 
50-59 
Total 
men 
32 
78 
106 
31 
247 
women 
14 
204 
208 
52 
478 
total 
46 
282 
314 
83 
725 
ORIGINS OF SUBJECTS 
The persons examined were all Dutch. The entire investigation was 
car r ied out on inhabitants of the town of Nijmegen, situated in the middle-
east of the Netherlands, in the province of Gelderland. ) The subjects 
investigated lived in various par t s of Nijmegen; they did not belong to 
one same socio-economic group. 
T a b l e dd 
Regional origins of persons examined 
provinces 
province of Gelderland (a) 
northern provinces (b) 
western provinces (c) 
southern provinces (d) 
Total 
men 
N 
183 
8 
28 
28 
247 
% 
74.1 
3.3 
11.3 
11.3 
100.0 
women 
N 
343 
18 
45 
72 
478 
% 
71.7 
3.8 
9.4 
15.1 
100.0 
boys 
N 
328 
4 
10 
18 
360 
% 
91.1 
1.1 
2.8 
5.0 
100.0 
gi r ls 
N 
333 
2 
11 
13 
359 
% 
92.8 
0.5 
3.1 
3.6 
100.0 
Table dd gives a survey of the regional origins of the persons exam-
ined, according to four groups of provinces of the Netherlands. The 
*) The town has about 140.000 inhabitants. There are a number of medium-sized 
industries, a garrison, and since 1923 a Catholic University. 
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first group consists of only one province, viz. Gelderland (a), the other 
three groups of more provinces. The second group comprises the north-
e m provinces (b), the third group the western provinces (c) and the 
last group the southern provinces (d) (see Figure 1). 
Nearly all the children, i .e. 91.1% of the boys and 92.8% of the g i r l s , 
were bom in the province of Gelderland - mostly in the town of Nijme-
gen; about 75% of the adults were likewise bom in this province. Of the 
remaining persons most were born in the western and southern p ro -
vinces. 
Figure 1 
Map of the Netherlands, with regional classification (Table dd) 
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III. Methods 
CROSS-SECTIONAL AND LONGITUDINAL RESEARCH 
There a r e two different ways of investigating changes in anthropo-
metr ic dimensions during the life-time of human beings, the c r o s s -
sectional method and the longitudinal method. In a cross-sec t ional 
study each subject is measured only once, while in a longitudinal study 
the same subject is measured at least twice over a certain period. When 
mater ia l i s based on partly longitudinal and partly cross-sec t ional data 
it is called mixed-longitudinal. As an intermediate approach between 
cross-sect ional and longitudinal studies there a r e semi-longitudinal 
studies, to which Bell (1953) gave the name of accelerat ions of the 
longitudinal approach. Such studies a re either shor t - t e rm applications 
of the longitudinal technique or extensions of the cross-sec t ional ap-
proach. 
Cross-sect ional and longitudinal studies each have their own mer i t s . 
Cross-sect ional methods a re useful for studying the distributions of 
various measurements in different individuals at different ages and for 
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establishing clinical standards of growth. As cross-sectional data can 
be gathered fairly easily and rapidly, for these purposes the cross-
sectional method is to be preferred to the longitudinal one. 
Longitudinal studies, as opposed to cross-sectional studies, are 
necessary for the study of growth of individuals and for accurate as-
sessments of the mean growth increments and their standard devia-
tions. It is of course possible to get standards of mean rate of growth 
from cross-sectional data, but for standards indicating the variability 
of growth rate, longitudinal data are absolutely essential. A knowledge 
of this variability is often of vital importance, as when comparing the 
growth rates of boys and girls over a particular age period. Apart from 
its lengthy and costly procedure a drawback of the longitudinal method 
is the fact that its successful application depends upon the continuous 
co-operation of the subjects and upon the patience and the perseverance 
of the investigators. It is obvious that in collecting longitudinal data 
the highest standards of accuracy are to be maintained, because in the 
calculation of a growth rate from one age to another two errors of 
measurement will occur, one at each end of the period (Tanner 1951, 
1955; Israelsohn 1960). 
The material in the present study consists of cross-sectional and 
semi-longitudinal data in children and of cross-sectional data in adults. 
The data were worked out as follows. All cross-sectional and semi-
longitudinal data derived from the children were made up into mixed-
longitudinal material, which was then subjected to cross-sectional 
analysis. Such a method is permissable, for what is important here, 
is not the question whether the above-mentioned data are longitudinal 
or not, but whether the analysis of these longitudinal data is done ac-
cording to the longitudinal or according to the cross-sectional method 
(Oppers 1963). Cross-sectional analysis of the measurements of child-
ren and adults will produce standards of growth. The material was also 
used to study the sex-differences at each age. The semi-longitudinal 
data in children - spread over a period from 7 to 14 years - were used 
to study the mean growth increments and the variabilities over a par-
ticular age period and to analyse the individual growth pattern. 
ANTHROPOMETRIC MEASUREMENTS 
For the purpose of this study the following anthropometric measure-
ments and indices based on the standards of Martin and Sailer (1957) 
were chosen and applied to the children only. 
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s ta ture : 
the distance from the floor to the vertex, i .e. the highest point on 
the top of the head in the mid-sagit tal plane, the subject standing 
in an erect position, with the head poised so that the visual axis is 
horizontal. 
Themeasu r ing i sdonebymeanso fan apparatus known as anthro-
pometer . 
head length: 
the maximum distance between the glabella, i .e. the most prominent 
point on the lower part of the forehead above the bridge of the nose 
between the eye-brows on the mid-sagit tal plane, and the opistho-
cranion, i .e. the most prominent point of the occiput on the mid-
sagittal plane. 
The distance was measured by means of a spreading caliper. 
head breadth : 
the maximum distance between the parietal bones perpendicular to 
the mid-sagit tal plane. 
A spreading caliper was used. 
head circumference: 
the maximum horizontal measurement , passing through the glabella 
and opisthocranion. 
A steel tape was used. 
bizygomatic breadth: 
the maximum distance between the most lateral ly situated points 
on the skin surfaces of the zygomatic a rches . 
A spreading caliper was used. 
morphologic face height: 
the distance between nasion and gnathion, with the teeth occluded. 
The nasion is a point at the root of the nose, located at the in ter-
section of the mid-sagit tal plane and the naso-frontal suture; gene-
ral ly it is situated on the intersection between the mid-sagi t tal plane 
and a horizontal tangential to the highest points on the superior pal-
pebral sulci . The gnathion is the most prominent point of the lower 
border of the mandible in the mid-sagit tal plane. 
A sliding compass was used. 
From the above-mentioned dimensions of head and face th ree well-known 
indices a r e derived. 
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cephalic index: 
this index represents the rat io between head breadth and head 
length
 h e a d b r e , u l t h χ 1 0 ( ) 
cephalic index = — : τ-- ¡ 
head leigtl· 
facial index: 
this index represents the rat io between morphologic face height 
and bizygomatic breadth. 
, . , . , morphologic face height χ 100 
facial index = ^ ^— :—¡ ψ-
bizygomatic breadth 
t r a n s v e r s a l cephalic-facial index: 
this index r e p r e s e n t s the rat io between bizygomatic breadth and 
head breadth. 
bizygomatic breadth χ 100 t r a n s v e r s a l cephalic-facial index head breadth 
PHOTOGRAPHIC REGISTRATION 
The use of photographic methods for anthropometric purpose is not 
new. Already Martin (1928) and Rosenstern (1930) recommended photo­
graphy of the face as a help in the study of the dimensional changes 
during puberty. Sheldon (1940), Dupertuis and Tanner (1950), and Lin-
degard (1953) showed the value of photography in somatotyping. 
Bij lstra (1947) pointed out that if a longitudinal s e r i e s of photographs 
of an individual could be taken in exactly the same way and if these 
photographs could be compared according to a standardized method, we 
would in principle a r r i v e at the same resul t s as Broadbent with his 
roentgenograms. 
According to Gavan, Washburn and Lewis (1952) a large part of the 
e r r o r s inherent to the traditional systems of measurement and obser­
vation can be eliminated by the use of photographic methods. They also 
r e m a r k that photography must be seen as being supplementary to the 
traditional anthropometric instruments r a t h e r than as a full par tner in 
the collection of data. 
Geoghegan (1953) discussed the as sessment of body measurements , 
surface area and body volume by photography. He concluded that indirect 
photogrammetric anthropometry is a satisfactory means of obtaining 
anthropological data. 
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According to Hunt and Giles (1956), measuring photographs of the 
body is an adequate alternative to measuring the living or intact human 
body. 
The photogrammetric method for studying the dimensions of the face 
has been practised by Stoner (1955), Wylie (1955), Matsukura, Sakai and 
Uyeda (1957 a, b), Sakai (1957 a, b, c), Uyeda (1957 a, b, c), Sakai and 
Uyeda (1958 a, b), Neger (1959), and Frithz (1965). 
Burstone (1958) and Subtelny (1959), however, prefer to study the 
soft t issue profile from roentgenograms,not from photographs. Burstone 
contends that the photogrammetric method is not so accurate as the 
roentgenographic method. Subtelny used soft t issue points from roent-
genograms because he was studying the relation between the soft t issue 
facial s t ruc tures and the underlying skeletal s t ruc tu res . 
Samat (1963) gave a detailed survey of the information obtained from 
various methods used in studying the growth of bones. He remarked that 
the photogrammetric method only shows the t rends in the amount, ra te 
and direction of the growth of bones, whereas the roentgenographic 
method with or without implant m a r k e r s can give relatively accurate 
information of those aspects of the growth of bones. 
Both Haga et al . (1962) and Savara (1965) used the stereophotogram-
metr ic method to study the symmetry and morphology of the face. 
A disadvantage ofphotogrammetry is the fact that there is not yet one 
generally accepted method of analysing photographs; hence it is difficult 
and sometimes even impossible to compare one's findings with those of 
o thers . 
In the present r esea rch the choice of the reference point on the soft 
t i ssues has been brought as much as possible in agreement with fre-
quently used points in anthropometry, and in such a way as to obtain 
measurements in the height, the breadth and the depth of the face. 
The above-mentioned Japanese investigations by Matsukura, Sakai, 
and Uyeda a r e detailed studies on the face. Their reference points 
choosen on the soft t i ssues were not taken over by us, because in our 
opinion they give insufficient information about the face in height, breadth 
and depth, information which we would gladly have. 
The fact that in a number of photographs in the present study the 
enlargement factor could not be determined exactly, compelled us to 
analyse the l inear measurements on the photographs of the face in front 
and in profile in a different way. This had the drawback that the l inear 
measurements could not be given in absolute values but only in relative 
values. As, on the other hand, the angular measurements a r e not affected 
by photographic enlargement, they have been given in absolute values. 
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The analysis of the l inear measurements in the photographs of the face 
in front and in profile will be discussed separately in this chapter. 
PHOTOGRAPHY OF THE FACE 
Of all the subjects, children as well as adults, two standardized 
photos were taken, one in front and the other in profile. 
The preparation of the subject before taking the photographs is im-
portant; usually it takes somet ime . The subjects were instructed to t ry 
and relax their faces, to assume their own natural expression without 
placing their teeth in central occlusion, and to keep their lips closed 
without exerting any undue force. 
The photographs were taken by a Leica-F camera on a tripod with 
a Hektor 13.5 cm lens, diaphragm 16, exposure 1/50 sec . The film used 
was Kodak Pan-X (18 Din), developed as a 21 Din film in Promicrol , 
and automatically printed, size 8 x 1 1 cm. 
The lighting was done by two automatic se ts of electronic flashs placed 
on either side of the camera, at an angle of about 45 degrees with the 
subject. 
The subject was seated on a swivelling chair at a distance of 2.5-3 m 
from the camera . While the photographs were being taken the subject 
stayed in his·-chair, which was rotated in the direction wanted. The 
subject 's head was not fixed. The subject 's background was a white 
surface, about 15 cm behind his head. 
Of each person ' s face two photographs were taken, one of the face 
in front, the other showing the right-sided profile. The subject 's head 
was so positioned that the optical axis of the camera lens passed through 
mid-face in both positions. With the face in front position the axis through 
both tragions was paral lel to the plane of the film; in profile the mid-
sagittal plane of the face was paral lel to the film. In both positions the 
subjects were asked to look straight ahead. 
At this point some observations may be made about the standardiza-
tion of our method. Before entering upon the investigation a choice 
had to be made between two different ways of approaching our subjects. 
One possibility was to invite all of them to come to the Laboratory of 
Physical Antropology to have their photographs taken and be measured; 
the other possibility was to visit different schools and collect the 
mater ia l there . The former method had the advantage that it would be 
possible to have a permanent arrangement of camera , lighting, chair , 
and subject. On the other hand, it is a mat ter of common experience 
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that with the latter method far more persons can be examined. 
When settling for a method, one of the most important considerations 
in any anthropometrical investigation is whether one can be sure of a 
sufficient number of subjects. For this reason we decided to make our 
round of the schools. To make up for the absence of a permanent ar-
rangement, the method of our investigation was standardized as much 
as was possible under the varying circumstances. 
PHOTOGRAMMETRY: FACE IN FRONT 
On the photographs of the face in front only linear dimensions were 
measured. As explained, they have not been given in absolute values but 
in relative values. 
Measurement points (see Figure 2) 
en: endocanthion.the inner comer of the eye or palpebral opening, 
determined by the meeting points of the lids. This point is situ-
ated medially from the carúncula lacrimalis; 
ex: ectocanthion, the outer comer of the eye or palpebral opening, 
determined by the meeting points of the lids; 
p: pupil, the measuring point being the centre of the pupil; 
al: alare, the most lateral point on the wing of the nose; 
ch: cheilion, the most lateral point at the corner of the lips. 
Figure 2 Figure 3 
Measurement points: face in front Linear measurements: face in front 
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Measuring procedure 
The linear dimensions were measured on the photographs by means 
of a perspex ruler; they were read to the nearest half-millimetre. 
Linear measurements (see Figure 3) 
The following five linear dimensions were measured on the photo-
graphs in front; they express the breadth of the face at different levels. 
en-en: the distance between the endocanthions, i.e. the inner eye-
-angle distance; 
ex-ex: the distance between the ectocanthions, i.e. the outer eye-
-angle distance; 
p-p : the distance between the pupils; 
al-al : the distance between the alares, i.e. the nose breadth; 
ch-ch: the distance between the cheilions, i.e. the mouth breadth. 
As had already been explained, the data so obtained do not represent 
any absolute values. To get proportional data the five above-mentioned 
dimensions were added and the ratio of every dimension with regard to 
that sum total was calculated and given in percentages. In this way the 
five dimensions in the breadth of the face in front were inter-defined, 
forming as it were a 'breadth pattern' of the face. 
Indices 
From the five linear measurements of the face in front four indices 
were derived. 
To get an insight into the proportional changes of the measurements 
we computed the percentual relations of the dimensions ex-ex, p-p, 
al-al, ch-ch, with respect to the dimension en-en. 
The indices derived are: 
en-en
 n n the distance between the endocanthions as a percentage 
ex-ex ' of the distance between the ectocanthions; 
en-en the distance between the endocanthions as a percentage 
p-p ' of the distance between the pupils; 
en-en
 m the distance between the endocanthions as a percentage 
al-al ' of the distance between the alares; 
en-en -^ the distance between the endocanthions as a percentage 
ch-ch ' of the distance between the cheilions. 
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PHOTOGRAMMETRY: FACE IN PROFILE 
On the photographs of the face in profile both linear and angular di-
mensions were measured. As already has been observed, the linear 
measurements can only be given in relative values, while the angular 
measurements are given in absolute values. 
Figure 4 
Measurement points: face in profile 
Measurement points (see Figure 4) 
t : tragion, the depression or notch immediately above the tragus 
of the ear; 
ex: ectocanthion, the outer corner of the eye or palpebral opening, 
determined by the meeting points of the lids; 
n' : nasion', here defined in contrast to the anthropometric defini-
tion of nasion (as given on p.l9), as the intersection point 
between the continuation of the line through tragion and ecto-
canthion and the profile of the face in the mid-sagittal plane; 
pm: pronasion, the most prominent point in the mid-sagittal plane 
on the tip of the nose, seen from the tragion point; 
sn: subnasion, the point where the nasal septum between the nos-
trils merges with the upper cutaneous lip in the mid-sagittal 
plane; 
Is: lábrale superius, the point in the upper margin of the upper 
membraneous lip in the mid-sagittal plane; 
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li : lábrale inferius, the point in the lower margin of the lower 
membraneous lip in the mid-sagittal plane; 
sm: supramenton, the point where the lower cutaneous lip merges 
with the mandibular chin in the mid-sagittal plane; 
m: menton, the most prominent point of the chin as seen from the 
tragion in the mid-sagittal plane. In most cases this point is 
situated between the anthropometrical pogonion and gnathion 
points. 
In the first instance the glabella, i.e. the most prominent point between 
the supra-orbital ridges in the mid-sagittal plane, and the trichion, i.e. 
the place of the implantation of the hair in the mid-sagittal plane above 
the frontal bone, were also included in the investigation. But as in the 
course of our analysis these measurement points turned out tobe less 
suitable on account of their vagueness, they were omitted from our 
research. 
Measuring procedure 
For measuring the relation between the various measurement points, 
linear as well as angular, on the photographs of the face in profile, a 
special instrument was designed*), which would enable us to determine 
simultaneously the points in the mid-sagittal plane both in the vertical 
and in the anterior-posterior direction with regard to the tragion. 
The measuring-instrument constructed consists of a perspex half-
circle, with subdivisions of one degree; in the middle of its base at right 
angles a fixed ruler is engraved on the half-disc, subdivided into milli-
metres. From the same centre a movable ruler sweeps across the 
half-circle; its graduation is identical to that of the fixed ruler. The 
metal axis of the movable ruler allows of some vertical play; its lower 
end is sharp (see Figure 5). 
The measuring procedure is as follows. The metal pin is made to 
penetrate the photograph at the tragion and the fixed ruler is turned 
towards that point of the chin which is farthest from the tragion. This 
point is defined as the 'menton'. The distance between these two points 
is read on the instrument. The apparatus is prevented from moving by 
pressing it down with the left hand. Then the movable ruler is turned 
towards the next measuring point, the supramenton, and its distance is 
*) The apparatus was designed by J.J.Kuitert, M.B. and produced by the Technical 
Centre of the Medical Faculty (Head: Ir. W.J.Reichert), the Catholic University, 
Nijmegen. 
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measured. At the same time the supramenton-tragion-menton angle can 
be read from the graduated half-circle . At the next point, the lábrale 
inferius, the same method is applied and the lábrale inferius-tragion-
menton angle can be measured. By subtracting the former angle from the 
lat ter angle, the lábrale inferius-tragion-supramenton angle i s obtained. 
In this way all the other measuring points of the facial profile in the mid-
sagittal plane a r e determined. 
The l inear measurements were read to the neares t half-mill imetre, 
the angular ones to the nearest half-degree. 
Figure 5 
Instrument used for measuring the face in profile on the photographs, 
viewed from above and from aside 
Linear measurements (see Figure 6) 
Seven l inear dimensions were measured, represent ing a number of 
dimensions expressing the depth of the face. 
i-n ' : the distance between tragion and nasion'; 
t-pm: the distance between tragion and pronasion; 
i-sn : the distance between tragion and subnasion; 
t-ls : the distance between tragion and lábrale superius; 
t-li : the distance between tragion and lábrale inferius; 
t-sm : the distance between tragion and supramenton; 
t-m : the distance between tragion and menton. 
As these measurements could not be obtained in absolute values, it 
was necessary to transform them into proportional data. For this t r a n s -
formation the same system was used as in the analysis of the l inear 
27 
measurements ofthe face in front (see page 24), viz. the seven linear 
measurements ofthe face depth were added and the ratio of each dimen­
sion with regard to the sum total was calculated and given in percen­
tages, thus getting, as it were, a 'depth pattern' of the face. 
Figure 6 
Linear measurements: face in profile 
Indices 
The percentual relations between the dimensions t-pm, t-sn, t-ls, 
t-li, t-sm, t-m, in respect to the dimension t-n' were also calculated. 
The following six indices were obtained. 
t-n' 
t-pm 
t-n' 
t-sn 
t-n' 
t-ls 
t-n' 
t-li 
t-n' 
t-sm 
t-n' 
t-m 
χ 100 
χ 100 
χ 100 
χ 100 
χ 100 
χ 100 
the distance tragion-nasion' as a percentage of the 
distance tragion-pronasion; 
the distance tragion-nasion' as a percentage ofthe 
distance tragion-subnasion; 
the distance tragion-nasion' as a percentage of the 
distance tragion-labrale superius; 
the distance tragion-nasion' as a percentage ofthe 
distance tragion-labrale inferius; 
the distance tragion-nasion' as a percentage of the 
distance tragion-supramenton; 
the distance tragion-nasion' as a percentage of the 
distance tragion-menton. 
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Angular measurements 
As is explained on p . 21, the angular measurements a re given in 
absolute values. 
The angles were measured to get an insight into the various height 
relat ions between the measurement points in the mid-sagit tal plane of 
the face in profile. In accordance with the t e r m s 'breadth and depth 
pat terns ' , used before, we would propose here the t e rm 'height pattern' 
for the facial height relat ions. 
The height pattern is composed of the following angles (see Figure 7): 
n' -t-m : the nasion'- tragion-menton angle; this i s the total facial 
angle; 
n'-t-pm : the nasion'- tragion-pronasion angle; 
pm-t-sn : the pronasion-tragion-subnasion angle; 
sn-t-ls : the subnasion-tragion-labrale superius angle; 
ls-t-li : the lábrale super ius- t ragion- labrale inferius angle; 
li-t-sm : the lábrale inferius-tragion-supramenton angle; 
sm-t-m : the supramenton-tragion-menton angle. 
(For a description of the measuring procedure of these angles see p. 
26). 
prn 
Figure 7 
Angular measurements: face in profile 
From these angles the following ratio is derived: 
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n'-t-sn _ the angle nasion'-tragion-subnasion 
sn-t-m the angle subnasion-tragion-menton 
This index represents approximately the ratio between nasal height 
and subnasal height. 
Besides the above-mentioned angles the following angles were cal-
culated from linear and angular measurements: 
t-n'-sn : the tragion-nasion'-subnasion angle; this angle denotes 
the maxillary prognathism (see Figure 8); 
t-n' -m : the tragion-nasion'-menton angle; this angle denotes the 
mandibular prognathism (see Figure 8); 
n'-sn-m : the nasion'-subnasion-menton angle; this angle denotes 
the convexity of the soft tissue profile excluding the nose 
(see Figure 9); 
n'-pm-m : the nasion'-pronasion-mentonangle; this angle denotes 
the convexity of the soft tissue profile including the nose 
(see Figure 9). 
Figure 8 Figure 9 
Angles of maxillary Angles of facial profile 
and mandibular prognathism 
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ERROR OF MEASUREMENT 
Anthropometric measurements 
The question of the reliability of the anthropometric method on living 
individuals is always difficult, because the precise location of the land­
marks through the soft tissues is not an easy matter. Still, an exact 
procedure is essential, although the precision of the physical sciences 
can hardly be attained. As a matter of fact, the question is whether 
such precision with reference to observations in gross anatomy is 
really necessary. 
To get an insight into the error of an anthropometric measurement 
each of two investigators measured 20 children twice. The errors of 
measurements in these double and parallel measurements are shown in 
Table ее; they were computed by means of the formula 
••\3Z · 
N 2n 
where dj = difference between the determinations in the і^е subject 
and η = number of subjects. 
T a b l e ее 
Error of measurements 
measurements 
s tature 
head length 
head breadth 
head circumference 
morphologic face height 
bizygomatic breadth 
(cm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
double 
measurements 
0.23 
0.45 
0.30 
0.97 
1.82 
0.33 
paral le l 
measurements 
0.70 
1.08 
0.95 
2.68 
3.06 
1.27 
Photogrammetric measurements 
Possible sources of error in these measurements are: 
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I a. the photographic apparatus used; 
b. the photographic techniques applied (such as focussing and defi-
nition); 
c. variations in the position of the head in space; 
d. variations in facial expression; 
e. variations in the positions of the maxilla and mandible. 
II a. the choice of the measurement points determining the linear and 
angular measures ; 
b. the reading of the various measuring instruments . 
All e r r o r s due to the factors I a -e a r e denoted here as 'photographic 
e r r o r s ' , those stemming from II a-b as 'measuring e r r o r s ' . For both 
groups it may make a difference whether part icular measurements were 
carr ied out by one same person (observer) or by different obse rvers . 
To investigate the e r r o r s the following se r i e s of determinations were 
carr ied out: 
1. Of each of three subjects one photograph was taken. Of each of these 
pictures a s e r i e s of five identical pr ints were made. Three observers 
were each given one se r i e s of pr ints to a s s e s s . Each observer supplied 
his prints with measurement points and measured them. Between con-
secutive measurements of identical points there were intervals of eight 
days to rule out any influence of memory. 
2. Of each of six subjects one photograph was taken. Of each of these 
six pictures three prints were made. Three obse rve r s each supplied 
the pr ints with measurement points and measured them. 
3. Of each of ten subjects two photographs were taken, on different 
days. One observer supplied each of these twenty pictures with m e a s -
urement points and measured them. 
4. Of each of thirteen subjects th ree photographs were taken. Unlike 
sub 3, the subject was asked for each photograph to assume a different 
facial expression, one with the mouth in the r e s t position, one with 
occlusion of the jaws, and one with the mandible and the lower lip 'agape ' . 
One observer supplied each of these 39 photographs with measurement 
points and measured them. 
The resu l t s of the e r r o r computations a r e listed in Table ff. 
The following points may be noted: 
1. The l inear measures 1-5 a r e expressed in percentages of their sum 
total (as has been done throughout the investigation). These percent-
ages were the starting-point for the e r r o r computation. The same 
T a b l e ff 
E r r o r of measurements ·• ) 
measurement 
1. en-en % 
2. ex-ex % 
3. P-P % 
4. al-al % 
5.ch-ch % 
6. t-n' % 
7. t-prn % 
8. t-sn % 
9. M s % 
10. t-li % 
11. i - sm % 
12. t -m % 
13. sm-t-m 0 
14. h ' - i -m o 
15.Zs-í-m o 
16. sn- f -m 0 
17. pm-t-m o 
18. n' -t-m o 
ε 1 
0.8 
0.3 
0.4 
0.3 
0.4 
0.3 
0.0 
0.0 
0.0 
0.0 
0.3 
0.3 
0.5 
0.4 
0.4 
0.4 
0.5 
0.7 
ε 2 
0.1 
0.2 
0.1 
0.2 
0.5 
0.2 
0.4 
0.3 
0.3 
0.8 
0.4* 
0.6 
0.9 
0.7 
0.8 
0.8 
1.0 
1.1* 
e 3 
0.5 
0.5 
0.4 
0.4 
0.6 
0.3 
0.3 
0.2 
0.2 
0.4 
0.0 
0.3 
0.3 
0.8 
0.6 
0.9 
0.7 
1.1 
64 
_ 
-
-
-
-
0.5 
0.6 
0.5 
0.5 
0.5 
0.6 
0.6 
0.9 
0.9 
0.7 
0.6 
0.8 
1.4 
e 5 
_ 
-
-
-
-
0.6 
0.3 
0.4 
0.3 
0.4 
0.0 
0.0 
0.6 
0.8 
4.5** 
4.0** 
4.0** 
3.5** 
1) The error figures ει ε5 are defined in the comments following. 
* According to the analysis of variance, there is a significant observer's effect 
at the 5% level (0.01 < Ρ < 0.05). 
** According to the analysis of variance, there is a significant effect of mouth 
position at the 1% level (P < 0.01). 
holds for the l inear measurements 6-12. All percentages were round-
ed-off to whole numbers . 
2. All the e r r o r figures listed a r e in principle square roots stemming 
from variance components of an analysis of variance. The component 
indicating the variation between different subjects has always been 
eliminated. 
3. As a rule the variation of the determinations performed by one same 
subject ( se r ie s 1) was slight; in some cases the values stated were 
even identical. For this reason the e r r o r figures given can only be 
allowed a limited significance; they do no more than indicate the 
o r d e r of magnitude of the relevant e r r o r components. 
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4. As the original data are rounded off to whole numbers (percentages 
or degrees), all error figures are rounded off to one decimal place. 
5. The measurements of error e^ and 62 refer to the'measuring error '; 
e3> e 4· e S t o t ' i e 'photographic error ' . 
6. Let for each of the series Xjj be a measurement carried out on the 
ith subject (i = 1 k) and j an index distinguishing the measurements 
for each subject (j = 1 ,n). Then the errors e , e , ands„ are 
of the type: 
e = У
 і ^ ) Л і jS=i j X i = ï ï j ! / 4 
7. The figure e, is computed from the first series of data (k=3, n=5). 
These identical prints were measured by the same observer, hence 
ει implies merely the variation of measurements carried out by one 
observer. 
8. The figure 62 is computed from the second series of data (k=6, n=3), 
where identical prints were measured by different observers. Hence 
this figure also implies the variation of measurements between ob­
servers. For this reason one might expect that ε2>ει. For the linear 
measurements 6-12 and likewise for the angular measurements 
13-18, 62 in reality tends to exceed e γ. This indicates the possibility 
of a slight contribution of the variation between the observers to the 
error. In two cases (measurements 11 and 18) this contribution was 
significant at the 5% level according to the analysis of variance. For 
the linear measurements 1-5, however, the values of ε 2 do not exceed 
those of ε^ and thus there is no indication of an error component 
due to variation between observers. 
9. The figure 63 is computed from the third series of data (k=lO, n=2), 
where two photographs were taken of each subject. Thus it indicates 
the photographic errors due to the sources I b-e. As we always em­
ployed the same apparatus, the effect of source I a is eliminated. 
It stands to reason that the determinations of this series were 
likewise subject to errors of measurement. As they were carried 
out by one observer only, 83 can be smaller or larger than ε^, but 
it may be expected that 63 is generally not smaller than ε^. In real­
ity, ε3<ει for 3 measurements (nrs. 1, 11, 13), whereas ез>е^ for 
12 measurements. This would induce us to assume sources of error in 
our photographic procedure. Comparing 63 to 621 however, these 
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sources of e r r o r do not seem to be of any m o r e importance than 
those connected with the variation between o b s e r v e r s . 
lO.Let for each of the s e r i e s x,; be a measurement carr ied out on the 
ithe subject (i=l,....,k) and j an index distinguishing the m e a s u r e ­
ments for each subject (j=l n). Then the e r r o r e 4 i s of the type: 
к η 
Σ Σ (χ„ - xip - x j + χ J 
i = l j = l 
(k-l)(n-l) 
x i . - - 2 x i j 
1 
j = l 
к 
*.j = к Σ X i J ' 
i = 1 
and 65 of the type: 
к 
η 
Σ 
j = 
(χ 
1 
η -
j " 
1 
х^ 
?, 
.) 
1 
η 
Σ i— Σ kn . 
ι = 1 j = 1 
4J 
11. For the measurements of the fourth s e r i e s (not performed for the 
measurements 1-5), variations ofthe mouth position were introduced 
on purpose. They introduce an extra source of variation for these 
measurements , which deviation cannot be considered a normal e r r o r 
of measurement . This consideration led us to apply to this s e r i e s 
a two-way analysis of variance (with classifications according to 
subjects and mouth positions). £5 corresponds with the systematic 
effect of the mouth position, ε^ with the other sources of variance 
(also contained in 63) and with the non-systematic effect of the 
mouth position. From the preceding we may expect ε^ generally to 
be not smal le r than 63; in fact, out of 13 cases it is only in 1 case 
that ε <ε„. In all other cases we have e >e„. Varying the mouth 
position would seem to add a non-systematic contribution to the 
photographic e r r o r . 
12.As a result of the analysis of variance, a systematic effect of the 
mouth positions i s obvious for the angular measurements 15-18; the 
corresponding e_ amounting here to 4°, whereas the other e-values 
for angular measurements a r e maximally 1.4°. These measurements 
(15-18) re fer to the angles having their a r m s on both sides of the 
mouth opening, for which angles an effect of the mouth position was 
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to be expected. For the other angular measurements and the linear 
measurements 6-12 no systematic effect of the mouth position could 
be shown. Here, too, the value of e_ was of the order of magnitude 
of the other e-values. 
13. When comparing the errors of measurement for the various cha­
racteristics, the somewhat higher values for measurement 18 are 
striking. For the rest the exactitude of the angular measurements 
would not seem to show much variation. Nor would the linear mea­
surements 1-5 and 6-12 appear todiffer much as regards exactness. 
On account of what has been said sub 3, it is not easy to give at the 
hand of these data an acceptable estimate of the overall error of mea­
surement. If the measurements are carried out by one same observer, 
e and e are the most relevant measures for the non-systematic error 
of measurement. This implies that for angular measurements this er­
ror must be put at I o - 2° (2-3 times ε,being a standard deviation), 
for measurement 18 perhaps 2 0 - 3 0 . For the measurements 1-12 this 
error may be put at 1-2%. 
We also must consider the possibility of a systematic observer's 
error; deviating mouth positions may cause considerable errors (up 
to 10° or more) in the angular measurements 15-18. 
STATISTICS 
The present material needs a comprehensive statistical treatment. 
A short survey of the statistical methods employed is therefore war­
ranted; these are mainly standard methods, to be found in most text­
books on the subject (see Dixon and Massey Jr., 1957). 
If the observations of a measurement χ are indicated by x, 
..xjvj , N being the number of these observations, then the following 
statistics are mentioned in our tables: 
1 N 
M (= mean value) = Ñ / j x i ' 
i = 1 
\\~l S 2 
SD (= standard deviation) = \ ——- V (xj - M) ; 
ч i = ι 
SE (= standard error) = 
SD 
W 
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г = the correlation coefficient for a pair of observations observed on 
the same subject. 
The significance of the differences between the mean values for the 
two sexes were tested two-sidedly by Student's i-test for two samples. 
The significance of the growth changes in the mean values, for the boys 
as well as for the girls, of the semi-longitudinal material, were tested 
two-sidedly by Student's i-test for pair differences. The correlation 
coefficient was tested two-sidedly against deviations from zero by the 
usual i-test. 
Nearly all calculations were made on the I.B.M. 360/40 computer of 
the Computing Centre of the Catholic University, Nijmegen. 
IV. Review of literature 
GROWTH SITES OF HEAD AND FACE 
The classification of the skull into a neural and a visceral part is 
more than a m e r e topographical identification of a part of the human 
body. It is a striking fact that both pa r t s of the skull a r e distinguished 
from each other by a totally different growth pat tern. The growth of the 
head represen t s the neural growth pattern, whereas the face shows a 
visceral growth pattern, corresponding to the general growth of the 
skeletal system (Scammon 1930, Watry 1933, Nanda 1955, Tanner 1955). 
The cranial base, being the functional region between cranium and 
face, might be expected to show a growth pattern intermediate between 
the neural and visceral type. This i s t rue of the cranial base as a whole. 
However, analysis has shown that individual par t s of the base have either 
the neural or the visceral growth type, not an intermediate one (Ford 
1958). 
The growth of the head and face cannot be understood without a sound 
knowledge of the growth of the various t i ssues and organs contained in 
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them, such as brains, eyeballs, tongue, cartilage and muscles. Different 
parts are affected, in various proportions, at different periods (Scott 
1962). 
To get an insight into the growth sites of head and face, biological 
research by means of implant markers, vital staining, histological and 
histo-chemical techniques, radioautography etc. is needed. Worth-while 
data are sometimes obtained from human congenital defects. This chap-
ter can only describe the process of cranio-facial growth in general, 
without paying attention to details. It may be useful to observe that the 
available data are still incomplete and that there is no consensus on the 
subject among investigators. 
Generally, growth of bone is ascribed to three processes: 
1) the transformation of cartilage into bone; 
2) the growth by superficial bone deposition; 
3) the growth at the sutures. 
At this point it would seem appropriate to give a brief outline of the 
various views held by Weinman and Sicher, by Scott, and by Moss, which 
present more differences than similarities. 
The viewpoint represented by Weinmann and Sicher (1947) is gener-
ally considered the classical interpretation. According to them the 
growth and development of head and facéis in first instance determined 
by the active growth at the sutures. 
Scott (1948, 1953 a,b, 1954, 1955, 1956, 1957, 1958 a,b, 1962, 1963) 
ascribes the growth of the skull from foetal life till adulthood to the 
following processes. 
From foetal life till the third year after birth the skull grows by the 
increment of such organs as brains, eyeballs and tongue, by the trans-
formation of cartilage of skull-base and nasal capsule into bone, and 
by active growth at the sutures, which growth according to Scott is es-
sential for the contact between cranial and facial bones to be maintained. 
From the age of 3 to 10 years the growth at the suture systems is dim-
inishing, but growth is still taking place through the transformation of 
cartilage into bone at the spheno-occipital synchondrosis, in the carti-
lage of the mandibular condyles and in the nasal cartilaginous septum. 
In this age period the growth by bony surface deposition and resorp-
tion is an important factor for the growth in all directions of head and 
face. From the age of 10 years till adulthood this form of growth becomes, 
in fact, the most important one; in this period there is still some growth 
atthespheno-occipital synchondrosis and in the condylar cartilages of 
the mandible. 
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Moss's (1962) approach to the growth of the skull is a purely func-
tional one. He contends that the skull consists of a series of relatively 
independent bones, i.e. functional cranial components. In form these 
bones are not necessarily connected, but they are closely related as 
regards their functions, which primarily consist of protecting and sup-
porting the soft tissues. All the soft tissues that are functionally related 
to a given skeletal element, are denoted as 'the functional matrix'. In 
Moss's conception the soft tissues not only comprise the muscles and 
tendons, but also the glands, neurovascular bundles, teeth and empty 
spaces. According to Moss it is the growth of the functional matrix 
which furnishes the primary growth force, the bones responding sec-
ondarily. He considers the growth at the sutures, both cranial and fa-
cial, as a secondary, compensatory bone growth, which occurs when 
two adjacent bones are being separated from each other and thrust 
outwards. Nor is to him the growth of cartilage in the skull a prima-
ry growth, it is a secondary response to the growth of the soft tissues. 
Among other studies that have contributed to our knowledge about the 
growth sites of head and face, we mention: Hunter (1771), Brassh (1924), 
Björk(1955a),Moss and Greenberg (1955), Erickson and Ogilvie (1958), 
Marshall (1958), Moss and Young (1960), Coben (1961), Samat (1963), 
Enlow (1966 a.b). 
GROWTH CHANGES IN HEAD AND FACE 
C r a n i o m e t r i e i n v e s t i g a t i o n s 
The first investigations of the human head and face were carried out 
on skulls. After Camper a great number of investigators were engaged 
in looking for the horizontal plane within the skull. At the Anthropolo-
gical Congress, Frankfurt a.M., 1884, the horizontal of von Ihering was 
accepted as the standard horizontal line; since then it has become known 
as the Frankfurt Horizontal. This line passes through the meatus acus-
ticus externus and the lower border of the orbita (as cited by Topinard 
1885). 
From the period of the metrical investigations on skulls also stem 
the terms cephalic index, prognathic and orthognathic. The term prog-
nathic was introduced by Prichard in 1843 to indicate a prominence of 
both jaws. Retzius, a Swedish anatomist, in 1848 introduced the term 
orthognathic, i.e. the opposite of the term prognathic. In 1842 Retzius 
distinguished 'gentes dolichocéphales' and 'gentes brachycephales', he 
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classified the shape of the skull according to the ratio between head 
breadth and head length. Broca (1861) was the first to call this ratio 
the 'cephalic index' (as cited by Stewart 1936). 
The major studies of the skull came from Welcker (1862), Holl (1898), 
Keith and Campion (1922), Hellman (1927), Conolly (1928), Rittershofer 
(1937), Herzberg and Holic (1943), Landauer (1962). 
Welcker (1862) superimposed the lateral contours of skulls of chil-
dren at different stages of development in such a way that the lines 
drawn through the nasion and basion of all the contours coincided. From 
this investigation it became clear that the growth of the skull is not a 
continuous process, but one taking place at different times for the various 
parts of the skull. 
Holl (1898) after studying 180 skulls concluded that an adult's face 
is not merely the enlarged form of his infantile face: the proportions 
of the adult face deviate strongly from the proportions of the infantile 
face. 
Keith and Campion (1922) compared the skulls of children and of 
adults for a study of the forward growth of the face. They superimposed 
all the skulls on the sella turcica and the os cribiforme, and measured 
such dimensions of the face depth as the distances from the meatus 
acusticus externus to the nasion and to the chin, -vertical dimensions 
of the face like the distance from nasion to subnasion, and also dimen-
sions in the breadth of the face like the bizygomatic breadth. In the 
discussion they observed that the growth of the upper face is not only 
of much greater complexity than the mandibular growth, but also that 
the upper facial growth is the 'pace-maker', as it were, to which the 
lower or mandibular mechanism has to adapt itself. 
Hellman (1927) carried out a systematic study on 78 American Indian 
skulls in order to gain some information on the problem of development 
as it affects the human face under normal conditions. He did not divide 
his material into chronological age groups but according to dentitional 
maturity. The rate of the facial growth was studied in height, width and 
depth, and in all these dimensions he observed considerable increment 
between the eruptions of the first and the last deciduous teeth; and 
likewise between the eruption of the first and the second permanent 
molars. According to Hellman the height of the face increased, now 
faster, now slower, until old age had been reached; then actual decre-
ment or 'degrowth' occurred. The width of the face increased, too, but 
not so much. In the depth of the face the auriculo-menton dimension 
showed the greatest and the auriculo-nasion dimension the lowest pro-
centual increment. The angles measured on the skull in profile tended 
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to become narrower; their change is in an opposite direction to that of 
the other measurements. 
Conolly (1928) and Rittershofer (1937) studied skulls of different 
races. Conolly examined over 200 skulls of children, mainly of Eskimo 
and North and South American Indians. Rittershofer's material con-
sisted of 57 Filipino skulls and 100 mandibles taken from burial caves 
of different islands in the Pacific Ocean. 
Herzberg and Holic (1943) examined 326 adult skulls collected in 
various parts of the world. They observed a relative constancy in dif-
ferent parts of the morphologic face height, as did Brodie (1941a), 
using radiographic methods. 
Landauer (1962) investigated the facial skeleton of 70 Egyptian skulls. 
He subjected 5 factors to factor analysis. They were: general size of 
the skull as a whole, size of skeletal mass and muscular strength, 
breadth across the malar bones, frontal fullness, and lower-facial 
breadth. 
At the end of this short survey about measurements on skulls the 
fact should be stressed that owing to possible pathological changes the 
data obtained from children's skulls might lead us astray. Only the 
head and face of healthy children can furnish reliable data (Todd 1931). 
A n t h r o p o m e t r i c i n v e s t i g a t i o n s 
The first important investigation in this respect was doubtless the 
study undertaken by West (1894), which gave the results of anthropo-
metric measurements on the heads of 2800 subjects between 5 and 21 
years. He observed that the dimensions of the head increased over that 
period of development and that the cephalic index showed only slight 
changes in this period. In general he found that in boys these dimen-
sions were greater than in girls, although the cephalic indix did not 
show any significant difference for the two sexes. 
The investigation carried out by Ranke (1905) on 2509 children be-
tween birth and 15 years showed that over this period the size of the 
head continuously decreased in proportion to that of the body. 
Very extensive material was gathered by Rose (1905). He examined 
more than 45000 children of different European nationalities to look for 
racial differences in cephalic and facial indices. He observed that the 
cephalic index decreased with age and the facial index increased. 
Hoist (1929) carried out an investigation on male subjects of 7, 14, 
20 years. He observed that the growth in face height is greater than in 
42 
face width; the growth is less in the depth of the face. 
Sailer (1930b) published the resu l t s of a semi-longitudinal research , 
including dimensions of head, face, and s ta ture , on small groups of 
adolescents from 10 to 19 yea r s . He, like Rose, observed that the cep-
halic index decreased with age, whereas the facial index increased. 
The correlat ions between stature and dimensions of head and face were 
studied on two la rger groups, one group of 112 individuals from 13 to 
15 years , and another group of 115 individuals from 15 to 17 yea r s . 
Sailer found that a slight increase of the dimensions of head and face 
went along with an increase of s tature; the lat ter was procentually 
grea ter . 
Campion and Campion (1932) car r ied out an investigation, including 
measurements of height, width, and depth of the face, on children from 
8 to 14 years with normal anter ior -pos ter ior occlusion. The dimensions 
in the boys were la rger than in the g i r l s . 
The next years three important studies in facial growth were publish-
ed by Hellman (1932), Smyth and Young (1932), and Goldstein (1936). 
Hellman's investigation was carr ied out on semi-longitudinal material 
including 1196 individuals (526 boys, 670 gir ls) , ranging from 5.5 to 
22 years and divided into groups according to dentitional maturity. He 
observed that in the gi r ls the face became more prognathic than in the 
boys, and that apart from an absolute increase of the dimensions of the 
face there was also a considerable change in the proportions of the 
dimensions. 
Smyth and Young in their study of the development of the face and 
dental a rches in 1400 English children, most with normal occlusion, 
showed that the facial length measurements were significantly la rger , 
for the upper as well as for the lower jaws, in 72 boys with normal 
occlusion compared with 100 boys chosen without any preselection from 
their subjects; both of the same age group. 
Goldstein carr ied out a longitudinal investigation on a group of Jewish 
and non-Jewish boys, the lat ter including 8% of the total mater ia l . 50 
subjects were examined every two years , beginning at 2.5-3.5 years , 
and continuing up to and including 20.5-21.5 yea r s . Goldstein adopted 
for his observations the biennial interval, because the annual increment 
in many facial dimensions tends to be so small as to be statistically 
insignificant, especially at certain ages. Also a group of 50 old men, 
averaging 74 years , were measured in order to determine the effect 
of old age, if any, on facial dimensions. In the boys he observed that 
the growth of the head is greatest in length, somewhat less in width, 
and least in height; in the face it is the height that grows most, depths 
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are next, followed by widths. In his material a growth peak occurs be-
tween 3 and 5 years, next there is a distinct adolescent acceleration 
from about 13 to about 15 years. Especially the height of the face and 
somewhat less distinctly its depth showed this growth pattern, whereas 
in the widths of the face, except for the nose width, no acceleration 
took place. Growth is generally completed first in the head, then in the 
width of the face, and last in its height and depth. His investigation of 
old men showed a decrease in nearly all dimensions of the head and 
face, except in minimum frontal width and nose length. As regards the 
facial profile, he concluded that a considerable outward and downward 
growth occurred between 3 and 21 years, more so in the lower than 
in the upper part. 
Steggerda (1932) published the results of an investigation of, inter 
alia, the dimensions of head and face in adult Dutch men and women, 
partly resident in Michigan and partly in Amsterdam. He observed that 
in general the dimensions of the American Dutch were slightly greater 
than those of the European Dutch. 
Another study by Hellman (1935) was carried out on 1693 individuals 
(705 boys, 988 girls), aged between 3 and 11 years. He observed that 
the transformation of the infant face into that of the adult took place by 
increase in size, by changes in the proportions, and by adjustment of 
position. The increase in size is continual but not uniform, it occurs 
in spurts. During the process of growth the face shifts gradually for-
wards, changing its position in relation to the cranium. His provisional 
conclusion was that the character of the face remains unaltered during 
growth. 
In 1937 Young published an analysis of the facial growth of 1100 Lon-
don schoolchildren from 8-14 years, and 100 children from 2-5 years. 
All children were selected on a morphologically normal occlusion, 8% 
even had excellent occlusion. Measurements took place of the height, 
width, and depth of the face; also of the length and width of the dental 
arches. The chief characteristics were a greater dimensional increase 
in facial depth in the area of the lower jaw than in that of the upper jaw; 
furthermore, a smaller increase of the width of the upper face compared 
with the height and the depth of the face, an increase of the facial index 
over this period in both sexes, and finally the fact that the face spreads 
out more in its lower part than in its upper part. 
Goldstein (1939) followed up his paper of 1936 by a report on a longi-
tudinal research of the development of the head in 256 individuals (141 
boys, 115 girls) from 2-16 years. He investigated the question whether 
the initial size of head had any effect on the amount of increment or on 
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the growth pattern; he found no apparent correlation. With regard to any 
change of the cephalic index in the same individuals in the course of 
time, Goldstein noted that a dip in the index is the most common phenom-
enon, but quite a number of cases do not manifest any appreciable change 
of index whatever, and a few even present an increase of index. 
The extensive longitudinal study made by Davenport (1940) in several 
hundreds of children was partly based on observations by other inves-
tigators. Changes in cephalic and facial dimensions, in normal children 
as well as in mongoloid dwarfs, and also sexual and racial differences 
were studied. Davenport noted that absolute cephalic and facial meas-
urements in girls are smaller than in boys. Individual curves of head 
dimensions increase at adolescence; in this period they show striking 
growth spurts. 
Piebenga (1942) published the results of an investigation into the di-
mensions of head and face of 289 Dutch schoolchildren between 9 and 
13years,of 182 adolescents between 14 and 20 years, and of 250 adults, 
all of them living on the small Dutch island of Urk. The main reason of 
his research was a racial determination of the island population. 
Krogman (1951) published a study of facial growth carried out on 600 
Philadelphia schoolchildren between 6.5 and 12.5 years, of each year 
50 boys and 50 girls. He divided his material into groups on the basis 
of the dental age introduced by Hellman, because according to him this 
is the only one suitable for facio-dental growth studies, a division ac-
cording to chronological age being inadequate. He paid much attention 
to the health-status of his subjects; every child got a medical examina-
tion. Orthodontic research showed normal occlusion in 45.9%, maloc-
clusion in 54.1%. There were no differences in dimensions between both 
groups. He found that in absolute values the growth of boys at each age 
exceeds that of girls, but that growth in girls is about one dental stage 
in advance of that in boys. 
Henriques (1953) investigated 600 children between 7 and 12 years 
and measured endo-oral as well as ecto-oral dimensions. He observed 
an acceleration in the growth-pattern of the bizygomatic width in boys, 
at 7-8 and 10-11 years, and in girls at 7-8, 8-9, 11-12 years. In boys 
the growth of facial depth showed the same growth-pattern as the bizy-
gomatic width, whereas in girls the growth of facial depth is more even 
from 8-11 years. 
Wünsche (1953) carried out an investigation, including measurements 
of head and face, in München and environs, on 893 children (437 boys, 
456 girls) between 2 and 10 years, and on 1002 adults (572 men, 430 
women) between 20 years and old age. He observed a manifest sex-dif-
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ferencein the dimensions of the head and face already from the age of 
two. The growth-pattern of head and face showed a strong increase till 
the age of four. From 4 to 6 years growth diminished and from 6 to 7 
years there was hardly any growth either in boys or in g i r l s . After this 
period growth increased again. In the adults he observed from 20 to 70 
yea r s an increase in the dimensions of the head and in the width of the 
face. 
Pelton and E l sasse r (1955) investigated 3676 white males and 3153 
white females, both groups between 5 and 24 years , to evaluate the 
changes which took place in the average facial configuration of this 
group. Measurements were carr ied out by means of a facial orthometer , 
the head oriented in the Frankfurt horizontal plane and the orthometer 
at right angles to this plane. They observed that the increase in mandi-
bular prognathism was greater in females than in males . For both sexes 
they found that the increase in prognathism in the lower jaw region was 
not so great as the one in the upper jaw region, the maxilla advancing 
more than the mandible; that i s , in their mater ia l the convexity of the 
facial profile increased with growth; the profile did not straighten out. 
This is contrary to the observations of Björk (1951b) and Lande (1952). 
Tanner in Growth at Adolescence (1955) remarked that there is little 
doubt that most facial measurements display an adolescent spurt, usu-
ally some months after the maximum increase in body height. During 
the period of growth the profile becomes more straight, the chin more 
prominent, and the incisors of both jaws more vert ical . 
Baer (1956) studied the changes in size of head and face in 5688 men 
and 7420 women, their ages ranging from 19-33 y e a r s . All his subjects 
were drawn from American mili tary populations. He observed in the men 
a significant increase of total face height, nose height and bizygomatic 
diameter , whereas over the same period head length, head breadth and 
head circumference did not change significantly. Unlike the men, the 
women did not show an increase of total face height. Baer observed an 
increase in sex-difference in the third decade of life through the grea te r 
amount and duration of growth in the male face. 
Doklàdal (1959) undertook a cross-sec t ional investigation of head 
dimensions on 5674 Czech subjects (2896 boys, 2778 gir ls ) . Their age 
ranged from birth to 20 years . He observed that even at birth all the 
dimensions of the boys were la rger than those of the g i r l s . According 
to Dokladal this difference remains manifest throughout growth, except 
for i ts fálling-off during the ea r l i e r pubertal acceleration of growth in 
g i r l s . In the gi r ls the growing of the head stopped ear l ie r than in the 
boys. He concluded that the head circumference, head length and head 
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breadth have attained their mature values for about 99% at the age of 
15 yea r s . 
Beekman and Cedermark (1961) reported on an investigation into the 
head length, head breadth and cephalic index on 4168 Swedish school-
children (2088 boys, 2080 girls) from 7-15 years , car r ied out by Lund-
borgduring the years 1923-29. They did not find any difference between 
the sexes for the cephalic index, nor did this index differ at various 
ages, but there was a difference for head length and head breadth. 
Notschaele (1961) carr ied out an anthropometrical research , includ-
ing measurements of head and face, on 11- and 12-year-old Dutch boys 
and gir ls who lived in the North-East Polder, a p a r t of the recently 
reclaimed Zuyder Zee. He states that at both ages the dimensions of 
the head were significantly la rger in boys than in g i r l s , whereas the 
differences between 11- and 12- year-old children of the same sex were 
not significant. As regards the dimensions of the face, he observed that 
the values in gi r ls were less than in boys; this difference was mostly 
significant. In boys he found a significant difference in the morphologi-
cal face height between 11 and 12 yea r s . 
Meredith, partly together with other investigators, carr ied out a great 
number of examinations on the growth and development of head and 
face(1953,1954,1960,1962; Meredith and Knott 1962, Knott and Mere -
dith 1963). His longitudinal data on the growth of head width (1953) be-
tween 5 and 9 years pointed to a slight increase; the correspondence be-
tween head width at 5 and at 9 years was found to be close. In 1954 Me-
redith published the resul ts of a longitudinal investigation on the breadth 
of the upper face of children between 4 and 10 yea r s . Besides an annual 
increase in width he also observed that with advancing age the difference 
between the sexes slightly increased. His study of 1960, using various 
indices, noted changes in the proportions of head and face; in 1962 he 
reported on the correlat ions between the growth of different facial d i -
mensions. Meredith and Knott (1962) published descriptive c r o s s - s e c -
tional data on the dimensions of head and face of schoolgirls at 9, 11, 
13 years ; Knott and Meredith (1963) did the same for schoolboys of 11-
15 yea r s . 
Haataja (1963) carr ied out a cross-sect ional study on 2682 Finnish 
children (1366 boys and 1316 gir ls) , varying in age from birth to 14 
yea r s . The purpose of his study was to investigate what changes occur-
red in the dimensions of head and face as well as in dentition over the 
period of growth. He observed that at every age level all the dimensions 
of the head were g rea te r among the boys than among the g i r l s ; the dimen-
sions showed a neural type of growth. The cephalic index did not differ 
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significantly between the sexes, and during infancy the index decreased 
and then remained fairly constant. The measurements of the face also 
were greater among the boys than among the girls. During the period 
covered the morphological face height showed the greatest increase in 
the mean, successively followed by the dimensions gnathion-tragion, 
subnasion-tragion, andnasion-tragionjthe least growth was registered 
for the width dimensions zygion-zygion and gonion-gonion. The growth 
type of the facial dimensions was in agreement with the growth of the 
skeletal system. Both in the boys and in the girls the morphological 
facial index increased with age; it did not show any significant sex-
differences. 
Apart from the above-mentioned studies there are of course a number 
ofother publications which likewise give data on the dimensions of head 
and face, e.g. Sasse (1914), Bolk (1919/1920),Frets (1921), Martin (1928), 
Nyèssen (1929), Scheidt (1931), Flemming (1933), Freeman (1933),Keiter 
(1933), Ariens Kappers (1935), Howells (1937), Goldstein and Stanton 
(1937), Shuttleworth (1937), Hellman (1940), Huizinga (1947), Buchi 
(1949), Lammers (1950), Woods (1950), Günther (1951), Lasker (1953), 
Scott (1953b), Boyd (1954), Schade (1954), Provis and Ellis (1955), 
Huizinga (1956), Vassal (1957), Eichom and Bayley (1962), Prokopec 
et al. (1962), Lundman (1963). 
R o e n t g e n o m e t r i c i n v e s t i g a t i o n s 
The introduction of the radiographic-cephalometric method in 1931 
by Broadbent and Hofrath, independently of each other, was an important 
landmark in the methodology of head and face analysis. Its contribution 
to the knowledge of growth, behaviour of soft tissues,morphology, maloc-
clusions and other deformities of the face has been truly impressive. 
Broadbent's The Face of the Normal Child(l937) gave only schema-
tic results. He pointed out that until adulthood is reached, the face con-
tinues to grow downwards and forwards, and the ear hole, together with 
the head of the mandibular condyle, downwards and backwards. 
Brodie's (1941) longitudinal study was carried out on 21 boys between 
3 months and 8 years. There was marked stability in the shape of the 
cranial base and the face over this period, and he expressed the view 
that the mofphogenetic pattern of the skull is determined in the third 
month of life, or perhaps still earlier. His 1953 study is a continuation 
of the above-mentioned one, this time covering the period between 8 
and 17 years; again he observed the individual pattern to be fairly con-
stant. 
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Bjó'rk (1947) investigated facial prognathism in 12-year-old boys and 
military conscripts of 21 and 22 years. He observed that the angle of 
mandibular prognathism shows a stronger increase than the angle of 
maxillary prognathism, which disproportion results in a straightening 
of the facial profile. 
Tirk (1948) deviated from the usual method of employing linear mea-
surements. He attempted to determine the behaviour of skull areas dur-
ing the growth period, and observed an increasing difference in the 
surface areas between the cranium and the face, detrimental to the 
cranium. 
Lande (1952) carried out a semi-longitudinal study in boys between 
3 and 18 years. The convexity of the face nearly always decreased; 
after the age of 7 years mandibular prognathism tended to increase. 
In 1955 (b) Bjork published the results of a new method of facial in-
vestigation which used metallic implants as fixed reference points in 
the jaws. It was now possible to study both the direction and the amount 
of bone growth through changes in the position of the metallic implants 
on lateral roentgenograms. Only a few cases were reported. In his 1963 
study Bjork mentioned the preliminary data of the growth of the man-
dible in a sample of 45 Danish boys by the same method. One of his 
findings was that condylar growth was a fairly even growth of about 
3 mm annually over the juvenile period, without a specific maximum 
and with a slight decrease towards a well-defined prepuberal minimum 
at 11 years and 9 months. At 14 years and 6 months there was a puberal 
maximum with an average growth of about 5 mm per annum. 
Nanda (1955,1956) made a longitudinal investigation on a small sam-
ple often boys and five girls, ranging between 4 and 20 years. He studied 
among other things, the correlation between the circumpuberal maxima 
for height and the facial dimensions. His observations, although not 
sufficiently reliable owing to a faulty statistical analysis (Van der Lin-
den, 1959), showed that for the facial dimensions the circumpuberal 
maxima tend to occur slightly later than for body height; of the 75 
facial increment curves 21 (=28%) showed the same circumpuberal 
maxima as those for body height, in 43 (=57.3%) they occurred after six 
months or more and in 11 (=14.7%) cases they took place earlier. Nanda 
also observed that the growth curves of all the facial dimensions were 
typical of skeletal growth curves other than cranium ones, which latter 
were of a neural type. 
Meredith, Knott and Hixon (1958) carried out a longitudinal investi-
gation on 27 boys and 28 girls, between 4 and 12 years, and the index 
between nasal height and subnasal height was studied. In both sexes this 
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index increased with age from 71.7 to 79.2. This is one of the studies 
in which Brodie's assertion (1941) about the constancy of the facial 
pattern is contradicted. 
The correlations between the facial areas and several body dimen-
sions were studied by Rose (1953, 1960) on a cross-sectional material 
consisting of 125 subjects. According to him, chronological age provides 
an effectual guide to the growth and development of the facial areas in 
the parapuberal period, but stature and body weight are the best indi-
cators of facial development. 
Van der Linden (1959) carried out a longitudinal investigation into 
the skeletal profile of 72 Dutch schoolchildren (33 boys, 39 girls), who 
were examined at 7 and 11 years. The investigator rejected the method 
of superimposition to evaluate facial changes on a theoretical basis. 
He observed that at both ages the averages of linear measurements were 
larger for boys than for girls, while in the angular measurements no 
sex-difference could be found at either age. For one measurement only, 
viz. theprocentual increase of the projection of the length of the mandi-
bular body ( GN-GO ), there was a significant sex-difference between 
the two ages: in boys the increase was significantly greater than in girls. 
Bambha (1961) published the results of a semi-longitudinal research 
on 25 males and 25 females, from 1 month to 30 years. This study in-
corporated the linear measurements of face and cranium as well as of 
body height. He observed that the face presents a characteristic skele-
tal growth pattern, including distinct adolescent changes; the cranium 
tends to follow the neural type of growth, but occasionally shows a 
small adolescent growth spurt. The time of maximum growth for the 
face usually occurs a little after the spurt in body height; in girls it 
takes place two or three years earlier than in boys. After the growth 
in body height is completed, the face continues to show a small incre-
ment in height. In addition to the circumpuberal growth spurt, Bambha 
also observed in most individuals a distinct childhood growth spurt 
between 6 and 7 years. Furthermore, he observed in most individuals 
that the various facial dimensions tended to maintain the same relative 
position in the group from 5 to 18 years; his findings agreed with the 
observation by Brodie (1941) that a facial pattern once established never 
changes. 
In 1963 Bambha published together with Van Natta a longitudinal study 
of 22 boys and 28 girls, between 9 years 9 months and 17 years 9 
months, about the correlation between skeletal maturation and facial 
growth in the dimension sella-gnathion during adolescence. The indi-
viduals who tended to mature early with advanced skeletal age has an 
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early adolescent facial growth spurt , whereas the children with r e -
tarded skeletal maturation tended to mature la ter . The large middle 
group showed plenty of variation. 
Bergersen (1966) carr ied out a semi-longitudinal study on 30 male 
subjects, between 1 and 30 years , and 30 female subjects, between 1 
and 23 years , in order to obtain a better understanding of the growth 
movement of seven facial skeletal profile landmarks. Generally.anterior 
facial landmarks, except for those of the mandible, migrate on fairly 
straight lines, whereas in the mandible a wave-like manner of migra -
tion is seen in the majority of cases . Bergersen also observed a com-
mon deviation of the straight line pattern during the exfoliation of the 
deciduous and the eruption of the permanent incisors , when in the ma-
jority of cases the direction of growth movement at the menton becomes 
more horizontal. Following upon the complete eruption of the permanent 
incisors , the growth trend again r eve r t s to the original direction, main-
taining it until adulthood. 
The correlation between body height and facial growth was also studied 
by Hunter (1966) in 23 males and 34 females, approximately from 7 
years through adolescence. Contrary to the observations of previous 
investigators, his findings showed in 57% of his subjects a coincidence 
of maximum facial growth with maximum growth of s ta ture . In 14% it 
occurred before and in 29% after the maximum increase in body height. 
He also observed a relatively high correlation between mandibular 
lengthening and the increase of body height in the puberal growth period 
both in males and females. 
Burstone (1958) noted that for an adequate consideration of the facial 
harmony a direct study of the integumental contour of the face is essen-
tial, because the study of dento-skeletal components alone can only lead 
to conjectures about integumental configurations. He examined the inte-
gumental profile of the face on oriented lateral headplates, a technique 
which according to him had certain advantages over other measuring 
methods, such as for example the method in which oriented photographs 
a re used. His analyses were car r ied out on a sample of 40 acceptable 
faces of 15 males and 25 females between the ages of 16 and 36 years , 
chosen by a group of three a r t i s t s . 
Subtelny (1959, 1961) studied in cephalometric radiographs the r e -
lation between the soft t issues and the underlying skeletal profile on 
a longitudinal mater ia l of 30 subjects, from 3 months to 18 yea r s . The 
findings of this study indicated that not all pa r t s of the soft t issue 
profile follow the underlying skeletal profile closely. Some a reas were 
found to diverge in their soft t i ssue contours from the skeletal s t ruc -
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tures below the surface, while other areas showed a strong tendency 
to follow skeletal changes. There was, for example, a divergence be-
tween the bony facial profile, which tended to become less convex with 
age, whereas the total soft tissue profile including the external nose 
was found to increase in convexity; the soft tissue profile excluding 
the nose was f airly constant in its degree of convexity. On the other hand, 
there was a close correlation between the degree of prognathism of 
the integumental chin and the underlying skeletal profile. 
Besides the above-mentioned studies there are still numerous other 
overall studies of the face as well as descriptions of various facial 
regions, a.o. by Adams (1948), Allen (1948), Woods (1950), Koski (1951, 
1953, 1960), Bjó'rk (1951a,b, 1955a), Bergerhoff (1953), Coben (1955), 
Sassouni (1955). Newman and Meredith (1956), Elsasser (1957), 
Meredith(1957, 1958, 19593^), Young (1957), Krogman (1958), Moor-
rees and Kean (1958), Bowker and Meredith (1959), Salzmann (I960), 
Harris (1962), Meredith and Chadha (1962), Merow (1962), Moorrees 
and Lebret (1963), Scott (1963), Johnston et al. (1965), Mulick (1965), 
Boersma (1967). 
Ρ h o t o g r a m m e t r ic i n v e s t i g a t i o n s 
Stoner (1955), a practising orthodontist, investigated the facial con­
tours around the mouth on two samples of selected profile photographs. 
The first sample consisted of 34 profile photographs of faces that ex­
hibited excellent form and balance; the second sample was made up of 
50 profile photographs, taken before and after treatment of orthodontic 
malformations. He carried out various angular measurements of the 
face and paid special attention to the changes in facial contours brought 
about by orthodontic treatment. 
In order to study the relation between the 'uprighting' of the mandi­
bular incisor and the straightening out of the soft tissue profile, Wylie 
(1955) determined the latter by measuring the soft tissue angle of con­
vexity. This angle involved the prominence of the forehead, the most 
prominent point on the upper lip and the most prominent point of the 
fleshy chin. Wylie measured this angle on facial photographs of 29 con­
secutively treated cases; he observed that the soft tissue profile was 
straightened by 6.5° after orthodontic treatment. 
Neger (1959) remarked that a facial profile analysis limited to meas­
urements taken on the hard skeletal structure would not appear to con­
form to the standards of scientific accuracy if an assesment of the soft 
tissue profile were required. In devising his method (i.e.photogrammetry 
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for soft t i ssue profile analysis) practicability, simplicity, accuracy and 
clinical application were the factors he had in mind. Of the soft t issue 
profile in the photographs or cephalometric radiographs only those 
points were considered where orthodontic t reatment seemed to have 
had its greatest effect. For this reason the upper lip (lábrale superius), 
the lower lip (lábrale inferius) and the chin (pogonion) were selected in 
the subnasal a rea , while these points were related to face and cranium 
through the nasion and the Frankfurt plane. In three out of the six profile 
angles selected, angular correlat ions were established between up^er 
lip, lower lip and chin. The investigation was car r ied out in one group 
of 48 subjects, from 9 to 16 years , having excellent occlusion and ac-
ceptable facial form, and in other groups with malocclusions. He found 
that the ideal straight profile did not necessar i ly imply excellent oc-
clusion. 
The nasus extemus was studied by Fri thz (1965); he took measure -
ments from photographs of a group of 151 subjects (84 boys and 67 
girls) between 16 and 22 years , and of another group of 157 individuals 
(78 men and 79 women) between 23 and 53 years . Two measurements 
will be discussed here, the nasal length and the slope of the basal line 
of the nose. The nasal length, determined on the photograph of the face 
in front, was not measured linearly but by using the angle right endo-
canthion-left endocanthion-apex nasi , because in this way such photo-
graphic sources of e r r o r as range and degree of enlargement were 
obviated. Fri thz observed that the nasal length continued to develop in 
adults, especially among women. The slope of the basal line of the nose, 
determined on the photograph of the face in profile, was expressed by 
the angle at the intersection of the lines ectocanthion-cheilion and the 
basal line of the nose. This angle showed a widening in adults, in other 
words the basal line moved towards the horizontal plane. Besides s ig-
nificant age-differences there were also significant sex-differences for 
both measurements . 
The most detailed photogrammetric studies of the face up till now 
were car r ied out by Matsukura, Sakai and Uyeda (1957a, b), Sakai 
(1957a, b, c), Uyeda (1957a, b, c), and Sakai and Uyeda (1958a, b), 
all in Japan. The data were obtained from standardized photographs of 
the face in front and in profile, and most studies referred to the r e s e m -
blance between parents and children. Only Sakai (1957a) and Uyeda 
(1957a) reported on annual changes in the face of children. Both the 
lat ter investigators measured l inear as well as angular dimensions, 
Sakai on photographs of the face in front and Uyeda on photographs of 
the face in profile. Angular dimensions a re given in absolute values, 
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linear measurements always in the form of indices. The reason for 
this is that linear measurements are dependent of the enlargement 
factor, while angles are not. 
Sakai (1957a) did a semi-longitudinal study of the frontal face in 12 
boys and 5 girls, ranging from several months to 18 years. He measured 
both height dimensions and width dimensions of the face and grouped his 
findings according to the rate of annual change. In the first group it was 
very small, mostly less than 5%. To this group belonged, mier alia , the 
ratio inner eye-angle distance / outer eye-angle distance and the ratio 
interpupillary distance / breadth of face. For the second group the 
rate of annual change was somewhat higher, occasionally over 10%; 
this could be observed in the facial breadth / facial length index. For 
the third group the rate of annual change fluctuated very much, occa-
sionally varying from 30-50%. This phenomenon was observed amongst 
others in the following indices: nose breadth / mouth breadth, mouth 
breadth / facial breadth, interpupillary distance / mouth breadth, and 
inner eye-angle distance/ mouth breadth. Sakai noted that the items of 
the first group may be used in the comparative study of the facial resem-
blance between parents and children, because they turned out to be fair-
ly constant. 
A study by Uyeda (1957 a) gave the results of linear and angular mea-
surements on the photographs of the face in profile - especially of the 
ear - in a semi-longitudinal material of 16 children (10 boys, 8 girls) 
between 7 months and 18 years. The depth of the face was not measured. 
As a rule, changes over a period of one year were not very pronounced. 
The studies by Burstone (1958) and Subtelny (1959, 1961) have been 
mentioned earlier in this chapter. Burstone examined the integumental 
profile of the face on oriented lateral headplates for the purpose of 
developing a method of integumental profile measurement consistent 
with anthropometric standards, a method suitable for the study of a 
group of good or acceptable young adult faces. His method of measure-
ment consisted of forming line segments and relating these line seg-
ments to each other (contour angles). One countour angle expressing 
the total facial contour is formed by lines in the mid-sagittal plane 
passing through frontal point, subnasal, and menton. This angle showed 
in the sample consisting of 15 men and 25 women with acceptable faces 
average age 23.8 years, a mean of 11.3° and a standard deviation of 
4.1° and is considered as slightly convex. No significant difference was 
found between men and women as regards this contour angle; variations 
were minimal. 
The purpose of Subtelny's studies has already been discussed. He 
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measured both prognathism and convexity of the soft tissue profile in 
a longitudinal material of 30 subjects, between 3 months and 18 years. 
One arm of the angle of prognathism is determined by the line which 
is the continuation of the line through the skeletal landmarks basion and 
nasion, anterior to its intersection with the soft tissue profile at the 
point soft-tissue-nasion (NS); the other arm by a line from this point 
to a point comparable to the pogonion, the most prominent point of the 
soft tissue chin (PS). Both in the boys and in the girls the soft tissue 
angle of prognathism increased, in the boys from 55.5 to 64.0° and in 
the girls from 57.5 to 63.0°. An analysis of this measurement showed 
that there was from 6 months to 4 years in both sexes a marked increase 
of approximately 4.5°; from 4 to 7 or 8 years no increment was observed; 
but the increase between 7-8 and 18 years was found to be strongly 
influenced by the difference in sex. In the male group the average angle 
increased over this period from 60.0° to 64.0°, while in the female 
group the increase was from 62.0° to 63.0°. The convexity of the soft 
tissue profile was examined by two methods. The first method of mea-
surement involved measuring the angle NS-SN (subnasion)-PS, and the 
second method of measurement, including the nose, involved measuring 
the angle NS-NO (tip of nose)-PS. The former angle showed minimal 
changes from 6 months to 18 years, in the boys from 161.0 to 163.5° 
and in the girls from 161.2 to 163.3°. In both sexes the angle changed 
from an average of 161° at 6 months to an average of 165° at 3 years. 
Over the age period of 3-6 years there was a reversal in the trend to-
wards a reduction in the convexity of the soft tissue profile. By 6 years 
the mean angle was found to approximate closely the mean established 
at 6 months. From 6-18 years there was little change in this angle of 
convexity. The angle NS-NO-PS including the nose showed the same 
trend in the earlier age groups, compared with the angle excluding the 
nose. The average angle likewise increased up to 3 years. Between 3 
and 18 years the mean angle decreased, hence facial convexity increased. 
Thus both angles of soft tissue convexity decreased after the age of 3 
years, but there is a marked difference between the two of them. The 
angle excluding the nose revealed an increase in convexity (approxima-
tely 4°), while the angle including the nose presented an increase in 
convexity of approximately 10°, in the boys from 142° to 132° and in 
the girls from 141° to 131°. Subtelny concluded that the forward growth 
of the nose is relatively greater than the forward growth of the other 
soft tissue structures of the face. He observed no well-defined sex 
differentiation in regard to the evaluations of the convexity of the soft 
tissue profile. 
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There are only a few investigations which study the face from stand-
ardized photographs, although the application of photography in anthro-
pology dates from several decades back. Often the difficulties of selec-
ting soft tissue landmarks are considered drawbacks to a study of this 
type. It is nevertheless useful in case of orthodontic treatment or plastic 
surgery to have standard data of the integumental face as well, for stan-
dards of dento-skeletal components are not sufficient by themselves. 
It is also possible to study a number of characteristics of the soft t is-
sue of the face from cephalometric roentgenograms. 
GROWTH CHANGES IN STATURE 
In addition to the dimensions of the children's heads and faces, we 
also measured in the present study their stature in order to study a 
possible correlation. 
The growth pattern of stature shows considerable differences for 
both sexes, not only as regards the amount of growth but especially 
concerning the time when the adolescent acceleration sdts in. Most data 
on children's heights show that boys will outgrow girls at all times 
except for a period lasting approximately from 11.5 to 13.5 or 14 years; 
during this time the earlier onset of puberty causes girls to grow more 
rapidly and to equal or exceed boys in height. After this period the growth 
in height of girls falls off rapidly and they are again overtaken by the 
boys. This phenomenon of the different growth pattern of stature for the 
two sexes was not only observed by such Dutch scientists as Piebenga 
(1942), de Wijn en de Haas (1960), Hordijk (1961), Notschaele (1961), 
Oppers (1963, 1964/65), but also by a number of investigators else-
where e.g. by Broman, Dahlberg and Lichtenstein (1942/43), Abramson 
and Ernest (1954), Provis and Ellis (1955), Pett and Ogilvie (1956), 
Wildführ and Kühn (1957), Heimendinger (1958), Shiloh and Yekutiel 
(1958), Gyula (1959), Jürgens (1960), Hamack (1964). 
At the end of the present chapter it is appropriate to observe that 
nearly all physical growth standards, including those of stature and of 
dimensions of head and face, have been derived from averages taken 
from large numbers of children at different chronological ages. Each 
sample at any one age, in particular during adolescence, will include 
children who differ as regards of their physical maturity. Thus a sample 
of children at the age of 13 years may consist of immature, prepubertal 
children, still presenting a childhood growth pattern, but the sample 
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may at the same time include pubertal children growing fast, and also 
children who are already past their puberty and have approached adult 
dimensions. 
The onset of physical maturity, then, is spread out over a fairly long 
period, and in this respect there is a well-known difference between 
boys and girls, girls generally maturing some three years ahead of 
boys; another difference between them is the fact that in girls the ma-
turing process takes a faster course. These differences explain the fact 
that growth standards, especially of stature and weight, derived from 
averages at various ages, will often show an increase in variability 
towards the puberty period. Conversely, such variability will indicate 
that the acceleration in growth has set in. From a statistical point of 
view, however, we could do with a more exact norm. This might be 
realized if future growth standards would be derived from children of 
similar physical maturity instead of chronological age (Krogman 1951, 
Tanner 1955, 1961, Bayley 1956, Grant and Wadsworth 1959, Hordijk, 
1961). 
V. Facial dimensions and dentition 
In view of the findings in the l i te ra ture about the interrelation between 
facial dimensions and dentition it seemed essential to include in the 
present study some consideration of dentition; a detailed research would 
have been out of place here . Besides a brief survey of ea r l i e r work the 
findings a r e reported of a smal l - sca le investigation into the dentition of 
part of the subjects examined. Its main purpose was to give informa-
tion about data which a r e character is t ic of our mater ia l and could be 
of importance in drawing our conclusions. 
SURVEY OF LITERATURE 
It is well known that disharmonies in the facial skeleton a r e projected 
onto the integumental face. Sagittal jaw disharmonies a r e reflected in 
the face in profile, while total loss of teeth will cause the lips to fall in. 
Ontheother hand, the levelling ability of the lips to mask facial and/or 
dental i r regular i t ies should not be overlooked (Sarnas 1959). 
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In his authoritative work The Face in Profile (1947) Björk investigated 
in twelve-year-old boy s and conscripts among other things the influence 
of loss of teeth on facial measurements and the length of the horizontal 
overbite. He divided his material in two groups, with and without loss 
of teeth. The percentage of missing teeth, not counting the third molars, 
in twelve-year-old boys and conscripts was 2.3 and 7.4% respectively. 
He observed that loss of teeth did not appear to affect the measurements 
ofthefacein any noticable degree, and he did not refer to loss of teeth 
when considering the various problems. He found in twelve-year-old 
boys a mean value of the horizontal overbite of 4.17 + 0.12 mm with a 
standard deviation of 2.18 mm, and in conscripts a mean value of 2.98 
+. 0.17 mm with a standard deviation of 2.92 mm. 
Talmers (1952) observed that children whose stature and body weight 
were below average showed a delay in the erupting of permanent teeth. 
The most extensive study was carried out by Tallgren (1957). She 
investigated vertical and sagittal dimensions of the face in groups of 
adults consisting of dentilous normal material, abrasion cases, and 
denture wearers. According to Tallgren the maintenance of the mor-
phologic face height - determined by the occlusal position of the man-
dible - during the adult period depends on intact dentition or a suf-
ficient number of occluding teeth. She observed that abrasion of the 
teeth will cause a diminishing of the morphologic face height. The in-
vestigation of 45 females who had been wearing full dentures for over 
ten years, showed a highly significant reduction of the morphologic and 
rest-face height, when compared with the normal material. Her obser-
vation was contrary to Thompson's (1946), who had found that the rest-
face height did not undergo any major changes after extraction of the 
teeth. In the group of denture wearers the 'translation' (a measurement 
of the sagittal difference between the rest-position of the mandible and 
the occlusal one), differed highly significantly from that of the normal 
material. In general she found that long-term wear of full dentures 
caused pronounced changes in facial dimensions. 
Buisman (1960) mentioned a number of symptoms of a typically pros-
thetic face. These are: a regression and narrowing of the lips, an ap-
parent widening of the mouth, a 'negative' profile of the mouth-region 
and a disturbance of the vertical dimensions of the face. Men wearing 
dentures show a loss of specifically male features, while in women a 
loss of the slight convexity of the profile in the mouth-region can be 
observed. 
Haataja (1963) studied the mathematical correlation between the facial 
dimensions and the number of erupted teeth. He found low correlation 
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coefficient values, suggesting that the number of erupted teeth has no 
close bearing on the growth of the face. 
It is understandable that in a random sample the number of subjects 
having ideal occlusion and an almost complete dentition of their own 
may vary considerably. In children the correlat ions between the number 
of erupted teeth and the dimensions of the face is probably very small . 
In adults both loss of teeth and the number of denture weare r s increase 
with the age level. Changes in lower-face dimensions of adults a r e often 
due to radical changes in dentition. 
METHODS OF INVESTIGATING DENTITION - FINDINGS 
Children 
Of nearly all the children measured in 1964 data on the dentition and 
the horizontal overbite were available*). 
The number of permanent teeth in 100 boys and 82 gir ls between 9 
and 14 years was counted and the resul ts a r e listed in Table gg. 
T a b l e gg 
The average number of permanent teeth in children 
age in years 
9.6-10.5 
10.6-11,5 
11.6-12.5 
12,6-13,5 
13.6-14.5 
boys 
N 
19 
26 
16 
21 
18 
M 
18.4 
20,0 
20.1 
26.1 
26,5 
girls 
N 
27 
21 
15 
19 
M 
17.4 
20.4 
23.1 
24.2 
The average number of erupted permanent teeth corresponded for 
the grea te r par t with the observations of Haataja (1963). 
*) This part of the investigation was carried out by J.F.Dijktnan, orthodontist, 
assisted byMiss W.H.M.Anbergen, both of the Department of Orthodontics (Head 
of the Department: Prof.Dr. F.P.G.M.van der Linden) of the Catholic University, 
Nijmegen. 
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The horizontal overbite was measured from the labial surface of the 
most prominent lower incisor to the most labial point of the incisai edge 
of the upper incisor. The measurement was carr ied out with a pair of 
dividers from the Orthodontic Diagnostic Set, as designed by Prof.Dr. 
Dr.Korkhaus. The horizontal overbite was determined in 106 boys and 
96 gir ls between 9 and 14 years ; the resul ts a r e presented in Tables 
hh and ii. 
T a b l e hh 
The average horizontal overbite in children, given in mm 
age in years 
9.6-10.5 
10.6-11.5 
11.6-12.5 
12.6-13.5 
13.6-14.5 
boys 
N 
18 
37 
15 
22 
20 
M 
4.2 
4.6 
4.2 
5.5 
4.3 
SD 
2.0 
2.8 
2.0 
4.0 
2.4 
gi r ls 
N 
34 
15 
17 
21 
M 
4.4 
4.5 
3.9 
3.7 
SD 
1.9 
2.1 
1.9 
2.0 
Table hh gives the mean horizontal overbite at different age levels; 
Table ii repor ts the resul ts of a classification of this measurement 
into three groups according to the magnitude of measurement . The first 
group consists of children which have a horizontal overbite of 3 mm or 
less , the second group one from 4 to 8 mm, and the final group one of 
9 mm or more . 
T a b l e ii 
Length of horizontal overbite 
horizontal overbite 
< 3 mm 
4-8 mm 
» 9 mm 
boys 
N 
47 
60 
9 
% 
40.5 
51.7 
7.8 
gi r ls 
N 
44 
49 
3 
% 
45.8 
51.1 
3.1 
The data show that the horizontal overbite was generally g rea te r in 
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the boys than in the g i r l s . At 12.6 to 13.5 years the greatest sex-dif-
ference was observed; the boys exceeded the gi r ls by 1.8 mm in mean 
value. 
Adults 
There a re no general methods to classify dentition in adults. Many 
variations in their dentitional situation a r e possible. In consultation 
with the Department of Orthodontics of Nijmegen University (see foot-
note p . 60) a schematic classification, as explained below, was drawn 
up. 
Its starting-point was the fact that a complete dentition consists of 
28 elements, divided into 8 incisors , 4 canines, 8 p re -mola r s and 8 
molars (the wisdom-teeth were left out of consideration, because most 
subjects missed these elements). The incisors and canines are of im-
portance to maintain the sagittal dimensions of the face in the mouth-
region; the p re -mola r s and molars have the same function for the ver-
tical dimensions of the face. In our classification the incisors and ca-
nines a r e indicated as belonging to Compartment I and the p re -mola r s 
and molars as belonging to Compartment II. 
We classified the dentition of adults under 5 headings: 
Group A: subjects with a complete dentition of their own, including those 
who do not lack more than 4 teeth in Compartment I and 6 teeth 
in Compartment II. The s i tes of the missing teeth must be 
regularly spaced out over both jaws. 
Group B: subjects who lack more than 6 teeth in Compartment II and 
whose teeth in Compartment I meet the stipulations of group 
A. 
Group C: subjects who lack more than 4 teeth in Compartment I and 
whose teeth in Compartment II meet the stipulations of group 
A. 
Group D: subjects who lack more than 4 teeth in Compartment I and more 
than 6 teeth in Compartment II. The missing teeth may be r e -
placed by part ial dentures . 
Group E: subjects who have full dentures . 
The data were obtained by means of an inquiry car r ied out some time 
after the anthropological investigation. 
In all, 318 adult subjects (101 men, 212 women) between 30 and 59 
years were examined. The resul ts of this investigation are shown in 
Table jj. 
T a b l e jj 
Dentition in adults 
group 
group A 
group В 
group С 
group D 
group E 
Total 
30-39 years 
men 
N 
11 
6 
2 
3 
22 
% 
50.0 
27.3 
9.1 
13.6 
100.0 
women 
N 
46 
16 
18 
21 
101 
% 
45.5 
15.9 
17.8 
20.8 
100.0 
40-49 years 
men 
N 
23 
9 
1 
15 
15 
63 
% 
36.5 
14.3 
1.6 
23.8 
23.8 
100.0 
women 
N 
15 
16 
24 
40 
95 
% 
15.8 
16.8 
25.3 
42.1 
100.0 
50-59 years 
men 
N 
5 
3 
1 
4 
3 
16 
% 
32.2 
18.8 
6.2 
25.0 
18.8 
100.0 
women 
N 
1 
4 
11 
16 
% 
6.2 
25.0 
68.8 
100.0 
In our view, the most important conclusion to be drawn from Table 
jj is that dentition deter iorates with age; not equally for both sexes, 
however, but very markedly in women and less so in men; comparitive 
data a r e not available, though. It is self-evident that the resul t s of this 
latter investigation should be taken into account when interpreting the 
data obtained by measuring the photographs of the face in front and in 
profile. 
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FINDINGS OF THE PRESENT INVESTIGATION 
PARTI 
VI. Dimensions of head, face, and stature 
INTRODUCTORY 
In the discussion about the usefulness of cross-sectional and longi-
tudinal measurements (p. 17) the method of analysing these data has 
already been mentioned. In the present chapter the results are given 
ofthe cross-sectional analysis, both of mixed-longitudinal material of 
the children and of purely cross-sectional material of the adults. The 
anthropometric measurements in the children will be discussed first, 
tobe followed by the results of the photogrammetric measurements in 
the children and adults. 
The age distribution in the children is shown in Table kk. 
An age of 7 years includes the range from 6.6 to 7.5 years. There is 
no difference in mean age between the two sexes. The adults are divided 
into four groups, each covering a period of 10 years. The average age 
in each group is given in Table H. 
66 
T a b l e kk 
Mean age in children 
age in yea r s 
7 
8 
9 
10 
11 
12 
13 
14 
mixed-longitudinal mater ia l 
boys 
N 
80 
39 
74 
97 
103 
102 
55 
32 
M 
7.0 
8.2 
9.1 
10.1 
U . l 
12.1 
13.0 
14.0 
g i r l s 
N 
108 
32 
78 
106 
70 
90 
44 
M 
7.0 
8.2 
9.1 
10.1 
11.1 
12.1 
13.0 
T a b l e 11 
Mean age in adults 
age in yea r s 
20-29 
30-39 
40-49 
50-59 
cross-sect ional mater ia l 
men 
N 
32 
78 
106 
31 
M 
25.4 
35.8 
44.4 
53.5 
women 
N 
14 
204 
208 
52 
M 
28.2 
35.9 
44.7 
52.5 
The first group, from 20 to 29 years , show the greates t difference in 
mean age between the sexes, viz.2.8 yea r s . In the various age groups the 
number of subjects is not equal, which difference is due to the method 
of gathering the mater ia l . The number of subjects within a single age 
group may also present a slight fluctuation for the various measure -
ments, as for instance when for some reason it proved impossible to 
measure or photograph a par t icular child. The findings as regards 
every component of this investigation a r e listed in tables indicating 
the number of subjects (N), the ari thmetical mean (M) and the standard 
deviation (SD). The tables also give the values for the sex-difference; 
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a positive value denotes that the average for the boys is g rea ter than 
for the g ir l s , a negative value indicates the reverse ; this is also t rue 
for the graphs (Figs. 10-18) of the anthropometric measurements . The 
level of significance of the two-sided Student's i - tes t for sex-difference 
is entered in the same column as follows: 
(*) : The difference is significant at the 10% level, but not at the 
5% level, i .e. Ρ (tail probability) is less than 10% and greater 
than 5%. 
* : The difference is significant at the 5% level but not at the 
1% level, i.e. Ρ is less than 5% and grea ter than 1%. 
** : The difference is significant at the 1% level, i .e. Ρ is less 
than 1%. 
In our text these indications have been simplified into 'at the 10%, (5%, 
1%) level', which respectively should be read as (*), *, ** above. 
The tables providing the specified data and indicated by arabic numer­
als, have been brought together in an appendix. The discussion of our 
findings will be i l lustrated as much as possible by means of graphs for 
male and female subjects. 
Not always will a straight forward comparison of our resul t s with 
those of other investigators be possible, because, understandably, the 
age distribution and the number of their subjects a r e often different 
from o u r s . It was in order to facilitate such a comparison that we in 
addition have calculated our data for 6.5 (6.0-6.9), 7.5 (7.0-7.9) years , 
etc. These intermediate values a r e not recorded in the tables, but, if 
necessary, they a r e given in their local context. 
ANTHROPOMETRIC MEASUREMENTS AND INDICES 
S t a t u r e 
The resul t s of the mixed-longitudinal investigation of s tature in the 
boys between 7 and 14 years and in the gir ls between 7 and 13 years 
a r e given in Table 1 and Figure 10. 
The average s ta ture at 7 years for the boys is 124.3 cm, for the gir ls 
122.6 cm. In both sexes the mean s ta ture at 13 years exceeds the mean 
stature at 7 y e a r s by 28.9 cm for the boys and by 31.1 cm for the g ir l s . 
Between 7 and 11 years the mean s tature of the boys i s g r e a t e r than 
of theg i r l s . At 7, 8, 10, 11 years the differences between the sexes a r e 
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significant at the 5% level. At 12 and 13 years the mean s tature of the 
gir ls exceeds that of the boys by 1.2 cm and 0.5 cm respectively. This, 
however, is not a significant difference. It is a pity that no comparative 
values for both sexes a r e available over the next few years for an in­
vestigation into this part icular phenomenon, which must be ascribed to 
the ear l i e r onset of puberty in g i r l s than in boys. 
+ s d 
- ι 1 1 1 ι 1 
9 10 11 12 13 14 
age (years) 
Figure 10 
It is appropriate here to compare our data on mean s tature with those 
of other Dutch investigators. There a r e two recent Dutch studies (de 
Wijn and de Haas, 1960; Oppers, 1964/65) that give standards of height 
from birth to adulthood. The investigations by de Wijn and de Haas 
extended over the whole country from 1952-1956; Oppers collected his 
data in Amsterdam in February and March 1963. In these two studies 
the age of the subjects has a latitude of 3 months before till 3 months 
after the number of years as indicated in the tables, in our study from 
6 months before till 6 months after. For the information of the reader 
we have listed in Table mm the data of these three investigations side 
by side. 
69 
T a b l e mm 
Comparative data of s ta ture (in cm) in children 
age 
in 
years 
7 
8 
9 
10 
11 
12 
13 
14 
boys 
de Wijn 
en 
de Haas 
(1960) 
Hautvast 
(1967) 
Oppers 
(1964/65) 
g i r l s 
de Wijn 
en 
de Haas 
(1960) 
Hautvast 
(1967) 
Oppers 
(1964/65) 
p e r i o d of o b s e r v a t i o n 
1952-56 
N 
263 
229 
229 
363 
124 
161 
328 
204 
M 
121.9 
127.6 
133.0 
137.6 
141.5 
147.5 
154.3 
159.3 
1961-64 
N 
80 
39 
74 
96 
102 
101 
55 
32 
M 
124.3 
130.9 
135,0 
141.1 
145.2 
148.7 
153.2 
155.7 
1963 
Ν 
314 
344 
319 
287 
310 
306 
247 
124 
M 
123.0 
129.0 
134.4 
139.2 
144.0 
148.8 
154.0 
159.8 
1952-56 
N 
314 
200 
244 
427 
122 
143 
379 
M 
120,8 
126.7 
131.0 
135.6 
142.6 
148.3 
154.1 
1961-64 
N 
105 
32 
74 
105 
69 
89 
44 
M 
122.6 
127.9 
133.5 
139.3 
142.6 
149.9 
153.7 
1963 
N 
315 
301 
294 
295 
327 
291 
150 
M 
122.8 
128.4 
133.4 
138.8 
144.2 
150.0 
156.2 
An investigation carr ied out on Dutch schoolgirls from 12-16 years 
(Rapport van de Subcommissie voor Lichamelijke Opvoeding, 1959) 
found for the age level of 12.0-12.9 years a mean country s tature of 
153.9 cm and in the provinces of Overi jssel and Gelderland - in which 
la t ter province the present investigation was carr ied out - a mean 
value of 154.2 cm (number of g i r l s : 94), as against 151.8 cm found for 
this age group in our mater ia l . 
H e a d l e n g t h 
Table 2 and Figure 11 show the changes in the length of the head. 
At 7 years the boys have a mean value of 176.6 mm and the gir ls of 
173.1 m m . In both sexes the mean head length at 13 years exceeds the 
mean head length at 7 years by 8.4 mm for the boys and by 6.7 mm for 
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the g i r l s . The boys at 9, 11, 14 years have a mean head length smaller 
than at the preceding age levels. 
Head length 
(mm) 
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Figure 11 
At each age level the boys have absolutely longer heads than the g i r l s . 
The sex-difference in head length is always significant at the 1% level, 
except at 9 years , when we see a significant sex-difference at the 5% 
level. 
T h e r e a r e only a few Dutch studies giving information about mean 
head length ( F r e t s 1921, Nyèssen 1929, Piebenga 1942, Notschaele 1961). 
The investigation by Fre t s covers the same age period, those by Nyès-
sen and Piebenga from 9 to 13 years , and the investigation by Notschaele 
was car r ied out on children aged 11 and 12 yea r s . 
Table nn presents a further comparison of data over the age levels 
11.0-11.9 and 12.0-12,9 years from the above-mentioned investigations, 
including our own. 
Valuable comparative data (on American children) a r e given by Hell-
man (1932), Goldstein (1936, 1939), Meredith and Knott (1962); on 
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German children by Wünsche (1953); on English children by Provis and 
£1118(1955); on Italian children by Galli (1960); on Czech children by 
Doklàdal (1959); on Finnish children by Haataja (1963). 
T a b l e nn 
Head length (in mm) in children aged 11 and 12 years 
boys 
gi r ls 
age in years 
11.0-11.9 
12.0-12.9 
11.0-12.9 
12.0-12.9 
F re t s 
1921 
N 
-
-
M 
180 
182 
176 
177 
Nyèssen 
1929 
Ν 
33 
42 
26 
M 
181.5 
179.9 
177.0 
Piebenga 
1942 
N 
28 
40 
30 
33 
M 
183.5 
184.5 
178.2 
179.3 
Not-
schaele 
1961 
N 
97 
89 
111 
82 
M 
183.3 
183.4 
179.5 
179.8 
Hautvast 
1967 
N 
101 
90 
78 
79 
M 
182.6 
183.1 
178.1 
180.1 
H e a d b r e a d t h 
The data on the mean head breadth are presented in Table 3 and Fig­
ure 12. 
The average value at 7 years for the boys is 141.4 mm, for the girls 
136.9 mm. In both sexes the mean head breadth at 13 years exceeds the 
mean head breadth at 7 years by 4.8 mm for the boys and by 4.9 mm 
for the girls. The boys at 14 years have a mean head breadth smaller 
than at the preceding age level. 
The difference in mean head breadth between the two sexes does not 
change with increasing age. In every age group the boys have broader 
heads than the girls and the difference is always significant at the 1% 
level. 
Valuable comparative data are given by the same workers, already 
mentioned in the section dealing with the head length. 
H e a d c i r c u m f e r e n c e 
Table 4 and Figure 13 show the mean head circumference. 
At 7 years the mean head circumference for the boys is larger than 
for the girls, 514.4 mm and 508.7 mm respectively. In both sexes the 
mean head circumference at 13 years exceeds the mean head circum­
ference at 7 years by 26.3 mm for the boys and by 20.2 mm for the 
girls. The boys at 9 and 14 years have a mean head circumference smal-
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1er than at the preceding age levels. 
Head breadth 
(mm) 
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At all ages the boys have a greater average head circumference than 
the girls and the sex-difference in this dimension varies between 5.6 
and 11.8 mm. The sex-difference is always significant at the 1% level, 
except at 9 years, when we see a significant sex-difference at the 5% 
level. 
In Dutch literature 1 know of only one study which gives some infor-
mation about head circumference (Lammers, 1950). Lammers carried 
out an investigation on adolescent boys between 12 and 19 years. At the 
agesof 12.0-12.9and 13.0-13.9 years he found a mean head circumfer-
ence of 537.4 and 538.3 mm respectively, our investigation yielding 
534.9 and 538.9 mm respectively. 
For foreign literature we refer to the publications of Wünsche (1953), 
Provis and Ellis (1955), Heimendinger (1958), Dokladal (1959), Eichom 
and Bayley (1962), Haataja (1963). 
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M o r p h o l o g i e f a c e h e i g h t 
The data on the mean morphologic face height a r e presented in Table 
5 and Figure 14. 
The average morphologic face height at 7 years is for the boys 95.7 
mm, for the gi r ls 93.7 mm. In both sexes the mean morphologic face 
height at 13 years exceeds the mean morphologic face height at 7 years 
by 12.1 mm for the boys and by 12.7 mm for the g i r l s . The boys have 
at 9 years a mean morphologic face height smaller than at the preceding 
age level. 
The sex-difference for the mean morphologic face height between the 
boys and gir ls has a specific course . At each level the boys have a great-
er average morphologic face height than the g i r l s . At 7, 8, 9, 10, 11 
years the difference between the two sexes is significant at the 1% level. 
At 12 years the difference between the boys and the gi r ls diminishes 
and is still significant at the 5% level, but at 13 years the sex-difference 
is so small that boys and girls do not differ significantly any longer. 
With regard to the sex-differences, Notschaele (1961) found no s ta-
tistically significant difference (P>0.05 ) at 11 years , while the differ-
ence at 12 years was statistically highly significant ( P<0.003 ). Ilaataja 
(1963) observed no statistically significant sex-difference at the age 
levels of 9, 10, 11, 13 years ; at the age levels of 7 and 12 years the 
difference was statistically significant ( P<0.01 ); at 6 and 8 years the 
statistical difference was highly significant ( P<0.001). Both Notschaele 
and Ilaataja observed higher mean values for the boys than for the g i r l s . 
Here, too, we refer to the publications of Hellman (1932), Goldstein 
(1936), Piebenga (1942), Wunsche (1953), Schade (1954). 
B i z y g o m a t i c b r e a d t h 
The changes in the mean bizygomatic breadth a r e shown in Table 6 
and Figure 15. 
At 7 years the boys have an average bizygomatic breadth of 116.5 mm 
and the gi r ls of 114.6 mm. In both sexes the mean bizygomatic breadth 
at 13 years exceeds the mean bizygomatic breadth at 7 years by 11.4 
mm for the boys and by 10.5 mm for the g i r l s . The boys at 14 years have 
a mean bizygomatic breadth smal ler than at the preceding age level. 
At every age level the mean values for the boys a r e la rger than for 
the g i r l s ; at every age level the differences between the boys and gir ls 
in this dimension a r e significant at the 1% level, except at 12 yea r s . 
Morphologie face height 
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which age shows a significant difference at the 5% level. Unlike Mere­
dith (1954), we did not observe any difference between the sexes with 
increasing age, 
Notschaele (1961) found at the age level of 11 years no statistically 
significant sex-difference, while at 12 years the average bizygomatic 
breadth for the boys differed statistically significant ( 0.003<P<0.001) 
from the mean value for the girls. Haataja (1963) observed no statisti­
cally significant sex-differences at 7, 8, 10, 11 years, whereas at 9, 12, 
13 years the sex-differences were statistically highly significant (P< 
0.001). (See also the reports by Hellman [1932], Smyth and Young [1932], 
Flemming [1933], Goldstein [1936], Davenport [1940], Henriques 
[1953], Wünsche [1953],Meredith [1954], Meredith and Knott [1962], 
Knott and Meredith [1963]). 
C e p h a l i c i n d e x 
The average cephalic index for the boys and girls between 7 and 14 
years is shown in Table 7 and Figure 16. 
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The mean cephalic index at 7 years for the boys is 80.2, for the girls 
79.2. The cephalic index shows a small decrease in the mean value for 
the period from 7 to 13 years, (1.1 for the boys, 0.3 for the girls). The 
annual changes in the cephalic index are very irregular; positive as 
well as negative values occur. 
The cephalic index is at all ages greater for the boys than for the 
girls. At 9 years the sex-difference in the index is significant at the 
1% level, at 10 years significant at the 5% level. 
Beekman and Cedermark(1961),Notschaele(l961) and Haataja (1963) 
did not'-observe any statistically significant sex-differences in their 
material of children of the same age levels. 
The average values of the cephalic index in other Dutch children 
observed by Piebenga (1942) and Notschaele (1961), show as a rule val-
ues exceeding 80, while our data for those groups are all below this 
figure. Bolk (1919/20), investigating Dutch adult men from all provinces, 
observed for nearly all provinces average values above 80. 
Martin and Sailer (1957) distinguished as regards the headform be-
tween dolichocephalic (when the index is below 75.9), mesocephalic 
(when the index is from 76-80.9), and brachycephalic (when the index 
is over 81). When we accept this distinction, the mean headform in our 
child material may be said to be mesocephalic. 
With regards to the cephalic index, Goldstein (1939) and Meredith 
(1960) already noted that the individual variation for this index with 
increasing age is considerable; there are subjects whose index in-
creases, although the general trend is a downward one. For foreign 
data we refer to the publications of Sailer (1930a,b), Goldstein (1936), 
Wünsche (1953), Provis and Ellis (1955), Galli (1960), Beekman and 
Cedermark (1961), Haataja (1963). 
F a c i a l i n d e x 
The average facial index is presented in Table 8 and Figure 17. 
At 7 years the difference in the mean value of the facial index between 
the boys and girls is 0.3; for the boys the index has an average value of 
82.2, for the girls of 81.9. The index increases between 7 and 13 years; 
the increase is greater in the girls than in the boys, 3.2 and 2.2 respec-
tively. The boys at 8 years and the girls at 9 and 13 years have a mean 
facial index smaller than at the preceding age levels. 
The mean value of the facial index at 7, 8, 10, 11, 12 years is greater 
for the boys than for the girls; at 9 and 13 years the index is greater 
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for the gir ls than for the boys. At 8 years the index difference between 
both sexes i s 2.1; this difference is significant at the 5% level. At the 
other age levels there is no statistically significant difference between 
the boys and g i r l s . 
Haataja (1963) observed in Finnish children at 7, 8, 13 years a nearly 
statistically significant ( 0.02<P<0,05) sex-difference for this index, 
while Notscheale (1961) failed to observe a significant sex-difference 
at 11 and 12 y e a r s . 
Valuable comparative data a r e given by Sailer (1930 b), Hellman 
(1932), Goldstein (1936), Piebenga (1942), Wunsche (1953), Meredith 
(1960). 
T r a n s v e r s a l c e p h a l i c - f a c i a l i n d e x 
Table 9 and Figure 18 show the mean values for the t ransversa l 
cephalic-facial index. 
The gir ls at 7 years have g rea ter average values for the t ransversa l 
cephalic-facial index than the boys, 83.7 and 82.4 respectively. The 
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average index increases at every age level, except that the boys at 14 
years have an average index smaller than at the preceding age level. 
The total increase from 7 to 13 years is somewhat greater for the boys 
than for the girls, 5,1 and 4,6 respectively. 
sex-difference 
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At every age level the girls have greater mean values for the trans­
versal cephalic-facial index than the boys. At 7 and 10 years the sex-
difference is significant at the 1% level, at 11 and 12 years the differ­
ence is significant at the 5% level, while at 8,9 and 13 years no signif­
icant sex-differences can be observed. 
Notschaele (1961) did not find any significant ( P>0,05 ) sex-dif­
ferences at 11 and 12 years. Here, too, we refer to the publications of 
Sailer (1930a,b), Piebenga (1942), Wunsche (1953), Meredith (1960). 
A comparison of our findings as regards the anthropometric meas­
urements with those by other investigators from the same or from 
foreign countries will occasionally yield approximately the same val­
ues, but in the greater number of cases values will seem to differ con-
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siderably from ours, - a deviation which may be explained by such 
factors as racial differences, the scope of the sample, and the meas-
uring techniques employed. 
LINEAR PHOTOGRAMMETRIC MEASUREMENTS 
F a c e in f r o n t 
The 'breadth pattern' 
The five linear dimensions forming the breadth pattern are: 
the inner eye-angle distance, i.e. the distance between the endocanthions 
(en-en) [see Table 10]; 
the outer eye-angle distance, i.e. the distance between the ectocanthions 
(ex-ex) [see Table 11]; 
the interpupillary distance, i.e. the distance between the pupils (p-p) 
[see Table 12]; 
the nose breadth, i.e. the distance between the alares (al-al) 
[see Table 13] ; 
the mouth breadth, i.e. the distance between the cheilions 
(ch-ch) [see Table 14]. 
These dimensions are given in percentages, as already explained on 
page 24. Figure 19 shows the course of these width measurements. 
In the breadth pattern at 7 years the dimensions en-en, p-p and al-al 
have for both sexes equal average values, 12.8%, 23.3%, 13.1% respec-
tively. The mean distance ex-ex is somewhat greater in the boys and 
the mean distance ch-ch is greater in the girls. However, the sex-dif-
ferences for the two latter dimensions are not significant. Thus the 
breadth pattern at 7 years is for the boys and girls much the same. 
The question now is whether this breadth pattern remains constant 
in the age periods studied. First will be discussed the breadth pattern 
from 7 to 13 years, next at 13 and at 30-39 years, and finally from 
30-39 to 50-59 years. 
In our material the following changes can be observed in the breadth 
pattern of the children. The general trend of the en-en dimension between 
7 and 13 years is a reduction, greater in the girls than in the boys (0.5% 
and 0.2% respectively). The boys from 7-14 years have the same re -
duction as the girls from 7-13 years. Over this period the mean values 
of en-en are for the boys and the girls much the same. The sex-differ-
ence is significant (at the 10% level) at 13 years; the average value of 
en-en for the boys exceeds that for the girls by 0.3%. 
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The mean ex-ex dimension at 7 years is for the boys 33.5%, for the 
girls 33.3%. At 13 years both sexes have a mean value of 33.1%. The 
general trend of this dimension is a diminishing one, just like the pre-
ceding en-en dimension; the reduction has been greater for the boys 
than for the girls. At nearly each age level the boys show a higher mean 
value than the girls, except at 11 and 13 years, when both sexes have 
an equal mean value. The sex-difference at 10 years is even 0.5%, and 
this difference is significant at the 1% level. At 8 years there is a sig-
nificant sex-difference at the 10% level. 
The mean p-p distance at 7 years is both for the boys and the girls 
23.3%. The trend of this measurement is a slight increment for the boys; 
the girls keep about the same mean values as at 7 years, except at 11 and 
12 years, which levels show an increment in mean values. At nearly 
every age level the boys have higher mean values than the girls, but at 
7 years the mean values are similar and at 11 years the girls exceed the 
boys by 0.1%. The sex-differences at 9 years are significant at the 1% 
level, at 10 years at the 5% level. 
Our next dimension is the distance between the alares (al-al). What 
changes occur in this dimension between 7 and 13 years ? For the boys 
the mean values at 7 and 13 years are equal, i.e. 13.1%. In the inter-
mediate years small changes occur. For the girls the mean value at 7 
years is 13.1%, as for the boys, but at 13 years the girls have a mean 
value of 13.3%. The increase for the girls is not a gradual one. Boys, 
too, likewise reach a mean value at 14 years of 13.3%. Generally, between 
7 and 13 years this dimension al-al shows a fair constancy for the boys 
and a small increase for the girls. At nearly each age level the mean 
dimensions are greater for the girls than for the boys, except that at 
7 years they are equal and at 11 years the boys show higher mean 
values. The sex-difference at 9 years is significant at the 5% level, at 
10 years at the 1% level. 
Our last measurement is the distance between the cheilions (ch-ch). 
At 7 years the mean value for the boys is 17.3%, for the girls 17.6%. 
In the boys the distance increases, arriving at a mean value of 17.7% 
at 13 years. In the girls, too, an increase takes place after 7 years and 
at 13 years a mean of 18.0% is reached. On the whole, over the period 
studied this dimension tends to increase in childhood. At every age level 
the girls have higher mean values than the boys. At 10 years the dif-
ference between the two sexes is 0.5%, significant at the 1% level. The 
age of 9 years shows a significant sex-difference at the 5% level. 
Is there any change in the facial breadth pattern over the interme-
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diary period, that is, between 13 and 30-39 years? The distance en-en 
over that period in the male subjects shows a decrease from 12.6% to 
11.7%, in the female subjects from 12.3% to 11.9%; ex-ex drops from 
33.1% to 32.4% and from 33.1% to 32.7% respectively, p-p is much the 
same at 13 and 30-39 years. The mean distance al-al increases in the 
male subjects from 13.1% to 14.2%; and in the female subjects from 
13.3% to 13.4%; ch-ch changes from 17.7% to 18.3% and from 18.0% 
to 18.6% respectively. Summarizing, it can be said that the breadth 
pattern continues to change from 13 to 30-39 years. Specifically, there 
is a reduction in the dimensions en-en and ex-ex, a fair constancy in 
thedimension p-p and an increment in the dimensions al-al and ch-ch. 
We now come to the course of the breadth pattern in the adults from 
30-39 to 50-59 years. The dimension en-en shows an increase for 
both sexes, in the males of 0.5% and in the females of 0.2%. ex-ex 
still drops in the men by 0.6% and in the women by 0.7%. p-p remains 
fairly constant, al-al continues to increase in both sexes, in the men by 
0.2% and in the women by 0.6%. сй-cfe shows for the men the same values 
in both age periods, whereas for the women a small decrease of 0.2% 
occurs. 
The distances en-en, p-p and ch-ch show for the adults hardly any 
sex-differences. The distances ex-ex in the age groups 30-39 and 
40-49 years are significantly greater (at the 1% level) for the women 
than for the men, while the distances al-al in those age groups are 
significantly (at the 1% level) greater for the men than for the women. 
Indices 
The following four indices are derived from the direct measurements 
on the photographs of the face in front: 
1. The index representing the ratio of the distances between the endo-
en—en 
canthions and the ectocanthions = -—— χ 100 (see Table 15). 
2. The index representing the ratio of the distances between the endo-
en—en 
canthions and the pupils = χ 100 (see Table 16). 
P-P 
3. The index representing the ratio of the distances between the endo-
en-en 
canthions and the alares = — — - χ 100 (see Table 17). 
al-al v ; 
4. The index representing the ratio of the distances between the endo-
en—en 
canthions and the cheilions = χ 100 (see Table 18). 
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The indices all have a common numerator, the en-en distance. The 
reason for this choice was the fact that this dimension was situated at 
a level close to the dividing line between the neuro- and the viscero-
cranium, which implies that the change in this dimension will be smal­
ler than in the dimensions at lower horizontal facial levels. Of course, 
ex-ex might also have served this purpose, but as en-en is generally 
the smallest of all the width dimensions measured on the photographs, 
we have preferred the latter. Thus we get indices that are all below 
100. Figures 20 and 21 show the course of these indices for the male 
and female subjects respectively. 
en-en
 ηη Index: χ 100 
ex-ex 
The mean values at 7 years are for the boys 38.2 and for the girls 
38.5. For the boys the index does not change much between 7 and 13 
years. At 13 years the mean index is 38.0; the lowest value (37.5) is 
observed at 10 years. Forthe girls the index decreases fairly regularly 
between 7 and 13 years. The mean value at 13 years being 37.4, there 
occurs a reduction of 1.1 between 7 and 13 years. Over the period from 
7 to 13 years there are no significant sex-differences. 
The mean values at 30-39 years are for the men 36.1. for the women 
36.4. In comparison with the values at 13 years the values at 30-39 
years have been reduced by 1.9 for the male subjects and 1.0 for the 
female subjects. Between the age groups 30-39 and 50-59 years the index 
increases for the men by 2.2, forthe women by 1.4. The adult age groups 
do not show any significant sex-differences. 
A reduction in this index indicates in fact a widening of the eye-slit. 
Index: ^ ^ χ 100 
i>-P 
At 7 years the mean index for both sexes is much the same, for the 
boys 54.8 and for the girls 55.0. The mean index decreases regularly 
between 7 and 12 years for the boys, between 7 and 13 years for the 
girls. The boys show at 13 years an increment of 0.6 compared with 
the preceding age level. The total reduction between 7 and 13 years 
amounts to 1.2 for the boys and to 2.0 for the girls. At nearly every age 
level, except at 13 years, the girls show higher mean values than the 
boys. There are, however, no significant sex-differences. 
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At 30-39 years the mean indices are 49.9 for the men, 50.8 for the 
women. Compared with 13 years, the mean index is diminished for the 
male subjects by 3.7, for the female subjects by 2.2. The index increases 
in the older adults. At 50-59 years the men show a mean value of 52.2 
and the women of 51.5. The sex-differences at 30-39 years are signif­
icant at the 5% level. 
A reduction in this index indicates that the measurement points endo-
canthion and pupil have diverged. 
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At 7 years the boys and the girls have nearly the same mean values, 
98.2 and 98.3 respectively. The mean values are close to 100, indicating 
that at this age level the mean nose breadth is only a little larger than 
the mean distance between the inner eye-angles. For both sexes the 
mean values decrease between 7 and 13 years. At 13 years the mean 
index has decreased by 2.0 in the boys and by 5.1 in the girls. At nearly 
every age level, the boys show greater mean values than the girls, ex­
cept at 7 and 11 years. Also, the mean value for the boys at 14 years 
is the same as that for the girls at 13 years. 
Between 13 and 30-39 years there is a change in the index, especial-
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ly in the male subjects. They show a reduction of 13.4, and the female 
subjects of only 4.2, compared with the age level of 13 years. From 
30-39 to 50-59 years the man index still changes a little, showing 
for the men an increase of 1.8 and for the women a decrease of 2.6. The 
mean values for the women are in every age group higher than for the 
men, and at 30-39 and 40-49 years the sex-differences are significant 
at the 1% level. This means that in the men the difference between nose 
breadth and inner eye-angle distance is greater than in the women. The 
reverse is true for the children. 
The reduction of the index indicates in fact that the differences between 
the distances en-en and al-al have increased. 
en-en Index: ~ x 100 
ch-ch 
The mean values at 7 years are for the boys 74.5, for the girls 73.5. 
The index decreases for both sexes and the mean values at 13 years are 
for the boys 71.2, for the girls 69.3. Thus the mean index is reduced 
for the boys by 3.3, for the girls by 4.2. The mean values of this index 
are always greater for the boys than for the girls. 
The mean values at 30-39 years are for the men 64.0, for the women 
64.3. Compared with the values at 13 years the values at 30-39 years 
have decreased in the male subjects by 7.2, in the female subjects by 
5.0. Between 30-39 and 50-59 years the mean index shows a small in-
crease for both sexes, for the men by 2.9 and for the women by 1.6. 
The sex-differences for the adults are not significant. 
The reduction in the index indicates in fact that the absolute increase 
in mouth breadth is greater than the increase of the distance between 
the inner eye-angles. 
F a c e in p r o f i l e 
The 'depth pattern' 
The seven linear measurements which together constitute the depth 
pattern of the face are the following: 
the distance tragion-nasion' (t-n') [see Table 19]; 
the distance tragion-pronasion (t-pm) [see Table 20]; 
the distance tragion-subnasion (t-sn) [see Table 21] ; 
the distance tragion-labrale superius (t-ls) [see Table 22]; 
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the distance t ragion-labrale inferius (t-li) [see Table 23] ; 
the distance tragion-supramenton (t-sm) [see Table 24] ; 
the distance tragion-menton (t-m) [see Table 25 ] . 
The values in the tables a re given in percentages, as already explained 
on page 28 ; Figure 22 shows the course of these depth measurements . 
It s t r ikes one immediately that for both sexes the measurements of 
the depth pattern at 7 years do not differ much in magnitude. For the 
boys the measurements vary between 13.3% and 15.2%, for the gi r ls 
between 13.1% and 15.4%. The distance tragion-menton shows the high-
est mean value, immediately followed by the distance tragion-pronasion. 
The distance between tragion and nasion' has the lowest average value, 
the distance between tragion and subnasion the lowest but one. The 
remaining dimensions represent the middle group. At this age level the 
two uppermost depth dimensions of the facial profile (t-n' and t-pm) 
have the greates t average values for the boys; the next two dimensions 
(t-sn and t-ls) have equal values for both sexes; in the three lowest 
dimensions the highest mean values a r e found for the g i r l s . The sex-
differences in t-n' and t-pm a r e significant at the 1% level, in t-li, 
t-sm and t-m at the 5% level. 
Does the depth pattern undergo any percentual changes for the dimen-
sions between 7 and 13 years? The mean values of the distance between 
tragion and nasion' at 7 years a r e for the boys 13.3% and for the gi r ls 
13.1%. This distance diminishes regularly over the period 7-13 yea r s ; 
both for the boys and for the g i r l s there is a decrease of 0.3% in mean 
value. The distance i -n ' i s nearly always grea ter in the boys than in the 
g i r l s , exceptât 8 years , when the two sexes show equal mean values. The 
sex-differences at 7, 9, 12 years a r e significant at the 1% level, at 13 
years at the 5% level. 
The distance tragion-pronasion does not show many changes between 
7 and 13 yea r s . The mean distance at 7 years is for the boys 15.2%, for 
the gi r ls 15.0%; at 13 years 15.1% for both sexes . At 7, 9, 12 years the 
mean values a r e grea te r for the boys than for the g i r l s ; the sex-dif-
ferences at 7 years a r e significant at the 1% level, at 9 and 12 years at 
the 5% level. At the other age levels the mean values a r e the same for 
both sexes . 
The distance tragion-subnasion hardly changes between 7 and 13 
yea r s . At nearly all age levels the mean value for both sexes is 13.6% 
or 13.7%. The boys exceed the g i r l s by 0.1% in the mean values at 10, 
12,13 years ; at 10 and 12 years these differences a r e significant at the 
1% level, at 13 years at the 5% level. At 8 and 11 years the gi r ls exceed 
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the boys by 0.1% in mean values; at 8 years these differences are sig-
nificant at the 5% level, at 11 years at the 1% level. The mean values 
at 7 and 9 years are similar for both sexes. 
About the distance tragion-labrale superius more or less the same 
can be said as about the previous dimension. In the boys this distance 
remains approximately the same over the period studied (14.2% or 
14.3%). There are no differences in mean values between the boys and 
girls at 7, 9, 10, 12 years. The boys exceed the girls by 0.1% in mean 
value at 8,11, ISyears. At 11 years the sex-differences are significant 
at the 1% level, at 8 and 13 years at the 5% level. 
The distance tragion-labrale inferius increases in both sexes between 
7 and 13 years (0.3% for the boys, 0.2% for the girls). At 13 years the 
boys as well as the girls have mean values of 14.5%; the boys have 
reached this value already at 11 years, the girls at 12 years. At 7 and 
8 years the girls exceed the boys by 0.1% for the mean distance; the sex-
difference at 7 years is significant at the 5% level. At 11 years the mean 
value for the boys is 0.1% greater than for the girls; this sex-difference 
is significant at the 1% level. The mean values at 9, 10, 12, 13 years are 
equal for both sexes. 
Our next measurement in the facial depth pattern is the distance 
tragion-supramenton. This dimension shows in the children a small 
increase over the period studied. For the boys the mean values between 
7andl0years are the same (14.1%). At 11, 12, 14 years the dimension 
has increased by 0.1%; only at 13 years the mean value equals the mean 
between 7 and 10 years. The mean values for the girls between 7 and 11 
years are identical (14.2%). At 12 and 13 years the dimension has in-
creased by 0.1%. At nearly every age level the average values for the 
girls are greater than for the boys, except at 11 years, when the two 
sexes have equal mean values. The sex-differences at 13 years are 
significant at the 1% level; at 7, 10, 12 years at the 5% level. 
Our last dimension belonging to the depth pattern is the distance from 
tragion to menton. This distance increases in the boys and girls between 
7 and 13 years by 0.2%; in the boys from 15.2% to 15.4%, in the girls 
from 15.4% to 15.6%. The mean values at 7, 9, 11, 12, 13 years are 
greater for the girls than for the boys. The sex-differences at 9 and 12 
years are significant at the 1% level, at 7 and 13 years at the 5% level. 
At 8 years the boys exceed the girls by 0.1% in mean value; at 10 years 
mean values are the same for both sexes. 
Reviewing the period between 7 and 13 years, the following trend in 
proportional changes of the linear measurements forming the depth pat-
tern can be observed. In the depth pattern of the boys the distances 
88 
THE DEPTH PATTERN 
(%) 
13.2-
13.0-
12.8-
12.6-
. ^ ^ 
"*-
~""—-^>>, 
-—9 
t-n' 
15.0-1«^ • • • ' · * — • ' ' 
t-pm 
[-18 
t - l i 
16.2 • 
16.0 
15.8 
15.6-
15.4 
15.2 
10 11 12 13 30/39 40/49 50/59 
age (years) 
Figure 22 
t-n' and t-pm show a percentual decrease, t-sn and t-ls keep fairly 
constant, and the remaining distances t-li, t-sm and t-m increase per-
centually. The depth pattern in the girls shows a percentual fall for 
t-n', t-sn and t-ls; the remaining distances t-pm, t-li, t-sm and t-m 
increase percentually. Thus the depth pattern in children between 7 and 
13 years is not a constant one. 
Are there any differences between the depth patterns at 13 and at 
30-39 years ? 
The downward trend for the distance t-n' continues, especially in the 
man, the mean values at 30-39 years being for tne men and women 0.3% 
and 0.1% lower respectively than the mean values at 13 years, t-pm has 
increased in the men and women at 30-39 years by 0.2% and 0.1% respec-
tively compared with the mean values for the boys and girls at 13 years. 
The three distances of the depth pattern t-sn, t-ls and t-li have at 30-39 
years lower mean values for both sexes compared with the mean values 
at 13 years. The values for t-sn are at 30-39 years 13.6% in the men 
and 13.4% in the women while the mean value at 13 years in the boys is 
13.7%, in the girls 13.6%. The decrement of t-ls both for the male and 
female subjects is 0.3%, of t-li for both sexes 0.2%. The distance t-sm 
has for the men at 30-39 years a mean value equal to that for the boys 
at 11, 12, 14 years. The mean value at 13 years is 0.1% lower than at 
30-39 years. For the women the mean value of the dimension at 30-39 
years is 0.1% higher than that for the girls at 13 years. Finally, t-m 
increases for both sexes; the mean value for the boys at 13 years is 
15.4%, for the men at 30-39 years 15.8%, for the girls and the women 
15.6% and 16.0% respectively. 
The depth patterns at 13 and 30-39 years, then, are not similar. 
Changes have occurred in the mean percentual values of the seven 
measurements. As a rule the distances t-n', t-sn, t-ls and t-li decrease 
.in the male and female subjects; t-pm, t-sm and t-m increase. 
The course ofthe depth pattern in the adults between 30-39 and 50-59 
years is as follows: The distances t-n', t-sn and t-ls decrease, t-pm 
and t-li remain the same, t-sm and t-m increase. In the adult period 
studied the mean values for t-n', t-pm, t-sn and t-ls are generally 
greater for the men then for the women. The distance t-li is identical 
for the two sexes; the mean values of i-sm and t-m are greater for the 
women than for the men. The sex-differences for t-pm at 30-39 and 
40-49 years are significant at the 5% level; for i-sn at 30-39 years at 
the 1% level; for t-ls at 30-39 and 40-49 years at the 1% level; for i-sm 
at 30-39 at the 1% level and at 40-49 years at the 5% level; for the dis-
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tance t-m at 30-39 and 50-59 years at the 1% level. 
Indices 
The following six indices are derived from the direct linear measure­
ments on the photographs of the face in profile. 
1. The index representing the ratio of the distances between tragion-
t-n' 
nasion' and tragion-pronasion = χ 100 (see Table 26). 
2. The index representing the ratio of the distances between tragion-
t-n' 
nasion and tragion-subnasion = -x 100 (see Table 27). 
t-sn 
3. The index representing the ratio of the distances between tragion-
t-n' 
nasion' and tragion-lábrale superius = —— χ 100 (see Table 28). 
4. The index representing the ratio of the distances between tragion-
t-n' 
nasion' and tragion-lábrale inferius = —- χ 100 (see Table 29). 
5. The index representing the ratio of the distances between tragion-
t-n' 
nasion' and tragion-supramenton = χ 100 (see Table 30). 
6. The index representing the ratio of the distances between tragion-
. t-n' 
nasion and tragion-menton = χ χ 100 (see Table 31). 
t-m 
The indices all have a common numerator, the t-n' distance. The 
reason for this choice was the same as that for the choice of the en-en 
distance, which is the common numerator for the indices derived from 
the breadth measurements. Figures 23 and 24 show the course of these 
indices in the male and female subjects respectively. 
Index: ^ ! _
 x
 юо 
t-pm 
The mean index at 7 years is somewhat greater for the boys than for 
the girls, 87.8 and 87.1 respectively. In both sexes there occurs a regular 
dip between 7 and 13 years, in the boys one of 1.9 and in the girls one 
of 2.2. The mean index for the boys at every age level is higher than 
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for the girls. At 9 years the sex-differences are significant at the 1% 
level, at 12 years at the 5% level. 
When comparing the mean values for the age group 30-39 years with 
those for 13 years we see a decrease in the index for both sexes, in the 
male subjects by 2.8 and in the female subjects by 1.7. This decrease 
continues for the other adult age groups. The men in the age group 50-
59 years have a mean value of 82.0, the women of 81.8. There are no 
significant sex-differences in the adult age groups. 
Summarizing, it may be said that this index shows a regular decrease 
over the age periods studied. This means that the absolute difference 
between the distances tragion-pronasion and tragion-nasion' has in­
creased. 
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Index: J ^ - χ 100 f-sn 
At 7 years the boys exceed the girls by 1.2 in mean value. For both 
sexes the mean index decreases regularly between 7 and 13 years, for 
the boys from 97.1 to 94.7, for the girls from 95.9 to 94.3. The boys 
always show higher mean values than the girls. The sex-differences 
are greatest between 7 and 9 years, and at 7 and 9 years significant at 
the 5% level. 
The mean index for the men at 30-39 years is 0.8 lower than for the 
boys at 13 years; the mean index for the women at 30-39 years is the 
same as for the girls at 13 years. Between 30-39 and 50-59 years 
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the index still shows a small decrease for both sexes. The mean values 
between 30-39 and 50-59 years are greater for the women than for the 
men; there are, however, no significant sex-differences. 
The general trend of this index is a decrement over the age periods 
studied. This means that after the age level of 7 years the subnasion 
point comes to be situated farther from the tragion than the nasion' 
point from the tragion. 
Index: ^¡- χ 100 
t-ls 
The mean index at 7 years is for the boys 93.1 and for the girls 92.0. 
For both sexes the mean index decreases fairly regularly between 7 
and 13 years, forthe boys by 2.2, for the girls by 1.6. The mean values 
are generally higher for the boys than for the girls, except at 11 years. 
The sex-difference at 9 years is significant at the 1% level. 
The mean index at 30-39 years has increased, compared with the 
values at 13 years. The mean value for the men at 30-39 years is 91.3, 
for the women 91.2. Forthe adults the mean index decreases again with 
age, the mean values at 50-59 years being for the men 90.3, for the 
women 90.2. The sex-differences for the adults are inconsiderable. 
The behaviour of the present index generally agrees with that of the 
preceding indices. The only difference is that the mean values at 30-39 
years are greater than at 13 years. This signifies that over this period 
the absolute difference between tragion-labrale superius and tragion-
nasion'has decreased, a fact which can only be explained by an absolute 
reduction of the distance tragion-labrale superius, presumably caused 
by changes in dentition. 
Index: ^ г x 100 
t-h 
The mean index shows for both sexes a regular decrease between 7 
and 13 years, for the boys from 93.5 to 89.5, for the girls from 91.8 to 
88.3. The decrease is somewhat greater for the boys than for the girls, 
4.0 and 3.5 respectively. The mean values are nearly always larger for 
the boys than for the girls, except at 11 years. The sex-differences at 
7 and 9 years are significant at the 5% level. 
The mean indices at 30-39 years are nearly the same as at 13 years, 
for the men 88.9 and for the women 88.5. The mean values at 50-59 
94 
years for the men a r e 0.8 smal ler than at 30-39 years , for the women 
1.2. The sex-differences for the adults a r e not significant. 
The index expressing the rat io between the distance tragion-nasion 1 
and the distance tragion-labraleinfer ius shows a decrease over the age 
periods studied; especially in the children this decrement is fairly high. 
t-n' 
Index: χ 100 
í - sm 
At 7 years the mean index for the boys is 94.4 and for the gi r ls 92.1. 
The difference of 2.3 is significant at the 1% level. For the boys the 
mean index decreases rapidly between 7 and 11 years , but from 11 to 13 
years there i s hardly any change in the mean values. For the gir ls the 
average index increases from 7 to 8 years ; between 8 and 13 years there 
i s a dec rease . The mean values at 13 years for the boys a r e 2.7 lower 
than at 7 yea r s , for the gir ls 2.4. The mean values a r e always grea te r 
for the boys than for the g i r l s . Besides the already mentioned signifi-
cant sex-difference at 7 years (at the 1% level), the differences between 
the boys and g i r l s at 9, 12, 13 years a r e significant at the 5% level. 
At 30-39 years the men have a mean index of 89.5, the women of 88.2. 
Compared with the mean values at 13 years the index has decreased 
by 2.2 for the male subjects, by 1.5 for the female subjects. Between 
30-39 and 50-59 years the decrement in the mean index continues: at 
50-59 years the men have a mean index of 86.8, the women one of 85.4. 
The mean indices for the men a r e always grea te r than for the women. 
At 30-39 years the sex-differences a r e significant at the 5% level. 
The general trend in this index over the age periods studied is a 
decrease with age. This means that the absolute difference between the 
distances tragion-supramenton and tragion-nasion1 has increased over 
those age per iods . The absolute difference between both measurements 
is g rea te r in the female than in the male subjects; this sex-difference 
is often statist ically significant, especially in the children. 
t-n' 
Index: -— χ 100 
t-m 
This index represents the rat io between the uppermost and the lowest 
depth dimension in the face. 
Both sexes show between 7 and 13 years a fairly regular decrease for 
this index, in the boys from 87.6 to 84.3, in the gir ls from 85.3 to 82.4. 
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At nearly every age level, exceptât 8 years , the mean values a r e grea ter 
for the boys than for the g i r l s . The sex-differences at 7 and 9 years a re 
significant at the 1% level, at 12 years at the 5% level. 
The mean index at 30-39 years for the men is 80.5, for the women 
79.3. Compared with the mean at 13 years the index has decreased both 
for the male and female subjects, by 3.8 and 3.1 respectively. This 
decrease continues in the other adult age groups, the mean indices at 
50-59 years being for the men 78.3, for the women 76.4. The mean index 
for the male adults is greater than for the female adults. 
From these findings we may conclude that the index decreases con-
siderably over the two age periods studied, and likewise over the in-
ter im period. This means that the absolute differences between the 
distances tragion-menton and tragion-nasion' have increased. The abso-
lute differences a re greatest in the female subjects. 
D i s c u s s i o n 
Linear photogrammetric measurements were taken on the photo-
graphs of the face in front and in profile of boys between 7 and 14 
years , of g i r ls between 7 and 13 years , and of men and women between 
20 and 60 yea r s . 
When analysing the breadth and depth pat terns, some measurements 
turned out to show a percentual increase , some remained fairly constant, 
others presented a percentual decrease . How are such changes to be 
interpreted ? 
In view of the l i terature it may be said that, generally speaking, be-
tween 7 and 14 years there is an absolute increase of all the l inear 
dimensions of the face. This increase may be ascribed chiefly to super-
ficial bone deposition. It still continues after 13-14 years , but we do not 
know exactly at what age this increment stops. Bambha (1961) investi-
gated male and female subjects between 1 month and 30 years , and he 
observed yearly increments in skeletal depth dimensions of the face till 
about 20 years only. On the other hand, Wünsche (1953), Baer (1956), 
and Fri thz (1965) found changes in facial soft-t issue dimensions also 
after the age of 20 yea r s . According to Wunsche adult persons over 
30 years generally show an increase in the proportions of the body (and 
likewise of the face), which is known as the third 'Gestaltwandel' , and 
which in the first place must be attributed to deposition of fat in the 
body t i s sues . Baer even observed in the third decade of life an inc re -
ment in sex-differences through the grea te r amount and duration of 
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growthinthe male face. In Fr i thz ' s observations the nose continues to 
develop for a fairly long time after the attainment of the adult s tatus . 
In all probability the changes in the facial dimensions after 20 years 
should not be ascribed to superficial deposition of bony t i ssues , but to 
changes in the soft t i ssues; especially as regard the amount of the fatty 
components. From the l i tera ture it seems that for the dimensional 
changes in body proportions till about 20 years the te rm 'growth' is in 
general use, while for changes in body proportions after 20 years this 
te rm is unusual. In case of an actual reduction for some dimension in 
old age sometimes the te rm 'de-growth' has been employed. 
In the present investigation the mean values at 13 years a r e always 
compared with those at 30-39 years ; the latter age group was chosen 
because in our age group 20-29 years the number of females was very 
smal l . The changes in the mean values between 13 and 30-39 years a r e 
not be ascribed only to changes in bony t i ssues but also to such factors 
as changes in the fat component of the soft t i s sues . In the adults the loss 
of teeth may be still another important factor effecting changes in some 
facial dimensions. 
This is the background against which our findings must be interpreted. 
When we observe a percentual decrease in a dimension of the width or 
depth pattern between 7 and 13 years , this need not, of course, indicate 
an absolute reduction of the relevant dimension. It only denotes that the 
absolute change in such a dimension has been smal ler than in another 
dimension showing a s imilar percentual value or percentual increase . 
On the other hand, a percentual reduction of some dimension of the 
width or depth pattern in the adults may be based on a real reduction 
in absolute size, the involved percentual increments of the other d i -
mensions of the pattern being due to the reduction of that one dimen-
sion. 
What is the advantage of using facial pat terns for width, depth and also 
for height measurements?The present author 's view is that this kind of 
approach of the available mater ia l provides us with standard data for 
the facial configurations in three dimensions. 
Our findings of the linear photogrammetric breadth measurements 
willnow be considered and compared with the findings in the l i te ra ture . 
Goldstein (1936) did not observe any considerable differences in ra te 
or type of growth between upper and lower face widths. He found that 
nose and mouth breadth increase fairly slowly in size, the latter r e l a -
tively more so than the former. In aged people he observed a slight 
increase for all width dimensions. 
97 
According to Young (1937) the face widens relatively more in its lower 
than in its upper region. 
Davenport (1940) inter alia investigated the interpupillary distance, 
the inner eye-angle distance and the width of the eye slit. The age changes 
for the distances between the inner eye-angles and the pupils are more 
or less the same. After the age of 3 years the increase is very slow; it 
has practically ceased at 17 years. The width of the eye slit shows also 
a slow increase after the age of 3 years, and at 15 years the dimension 
in boys and girls is nearly equal. 
The inner eye-angle distance was also measured by Wünsche (1953). 
He observed in boys between 2 and 10 years and in men between 20 years 
and old age always higher mean values than in girls and women of the 
same age period. After 10 years the dimension does not increase any 
more till the age of 50 years. After that, the distance increases by some 
millimetres for both sexes, a fact according to Wünsche due to relaxa-
tion of the soft facial tissues. 
Sakai (1957 a) observed in children a low rate of change in the ratio 
inner eye-angle distance / outer eye-angle distance and in the ratio 
interpupillary distance / breadth of face. High rates of change did he 
find in the ratios between nose breadth and mouth breadth, between inter-
pupillary distance and mouth breadth, and between inner eye-angle dis-
tance and mouth breadth. 
In the present study the conception of a breadth pattern has been intro-
duced, consisting of the distances between the endocanthions (en-en), be-
tween the ectocanthions (ex-ex), between the pupils (p-p), between the 
alares faZ-a^.and between the cheilions (ch-ch). These five dimensions 
are given in percentages of their total. 
The first thing to notice is that the breadth pattern is not constant, 
neither in the children nor in the adults (see Table oo). The course of 
the breadth pattern is shown in Figure 19. 
Between 7 and 30-39 years the general trend in these five dimensions 
for both sexes is a decrease in the distances en-en and ex-ex, an increase 
in al-al andch-ch, and a fairly constant value for p-p. This indicates that 
en-en and ex-ex have the lowest absolute increments, a greater absolute 
increment is shown by p-p, and the greatest absolute increments do we 
find for al-al and ch-ch. Thus the dimensions which are situated at lower 
horizontal facial levels (al-al and ch-ch, whereas en-en, ex-ex and p-p 
are situated at higher horizontal facial levels) show the highest absolute 
increase between 7 and 30-39 years. 
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T a b l e oo 
Changes in the measurements of the breadth pattern (in %) 
age in years 
from 7-13 years 
from 13 to 
30-39 years 
from 30-39 to 
50-59 years 
en-en 
σ* 
-0.2 
-0.9 
-Ю.5 
9 
-0.5 
-0.4 
+0.2 
ex-ex 
a* 
-0.4 
-0.7 
-0.6 
? 
-0.2 
-0.4 
-0.7 
P-P 
a" 
+0.2 
-0.1 
-0.1 
9 
0.0 
+0.1 
+0.1 
al-al 
σ* 
0.0 
+1.1 
+0.2 
9 
+0.2 
+0.1 
+0.6 
eh-eh 
о* 
+0.4 
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Figure 25 
Between 30-39 and 50-59 years there is an increase in the distance 
en-en, as distinct from the preceding periods. This may be explained 
in all probability by the relaxation of the facial soft tissues, causing at 
the inner eye-angles a lowering of the upper eyelid over the lower 
eyelid. As a result the endocanthion point shifts sideways, which ex­
plains the increase of the inner eye-angle distance. The decrease of 
ex-excanbe accounted for in the same way. The distance p-p remains 
9 9 
fairly constant. The dimension al-al shows a proportional increase, 
probably corresponding to an absolute increase. The distance ch-ch is 
constant in the male subjects; in the female subjects it shows a small 
reduction. 
From the five width dimensions four indices were derived. The course 
of these four indices are shown in Figures 20 and 21. Abrief survey of the 
changes in these indices from 7to 13 years, from 13 to 30-39 years, and 
finally from 30-39 to 50-59 years is shown in Table pp. 
T a b l e pp 
Changes in indices of breadth measurements 
age in years 
from 7-13 years 
from 13 to 30-39 years 
from 30-39 to 50-59 years 
en-en 
ex-ex 
<? 
-0.2 
-1.9 
+2.2 
χ 100 
9 
-1.1 
-1.0 
+1.4 
en-en 
p-p 
σ» 
-1.2 
-3.7 
+2.3 
χ 100 
9 
-2.0 
-2.2 
+0.7 
en-en 
al-al 
o» 
-2.0 
-13.4 
+1.8 
χ 100 
9 
-5.1 
-4.2 
-2.6 
en-en 
ch-ch 
0 » 
-3.3 
-7.2 
+2.9 
χ 100 
9 
-4.2 
-5.0 
+1.6 
In the period from 7 to 13 years every index for both sexes is redu­
ced. The decrement is always greater in the girls than in the boys. The 
вЛ —671 
reduction has been smallest for the index -——, next for the index 
QJl—Qfl QTl—QTl 
greatest for the indices — — r and 
ex-ex 
en-en 
p-p al-al ch-ch 
The mean indices at 30-39 years compared with those at 13 years 
show for both sexes a decrease, which was greater for the male sub­
jects than for the female subjects. The greatest changes for the male 
i. . j · en-en , en-en . ,, . , 
subjects are observed m the indices
 д 1 я , and _, д 1 , in this order; 
al-al ch-ch' 
the change in
 Α
" ^ is considerably smaller, and in —--тт. the smallest. 
P-P ex-ex 
The corresponding order of index changes in the female subjects over 
en-en en-en en-en , en-en
 m i . . . . 
that period is - ; — r , —;—r, -—-— and . These reductions in the 
F
 ch-ch al-al p-p ex-ex 
indices indicate that between 7 and 30-39 years the absolute increments 
for the distances ex-ex, p-p, al-al, ch-ch are relatively greater than 
for the distance en-en, and that the absolute increments for the dis­
tances al-al and ch-ch are manifestly greater than for the three other 
breadth dimensions. 
Mostly, the indices increase somewhat in the adults from 30-39 to 
50-59 years. This is due to the widening of the inner eye-angle distance, 
as already has been pointed out in the discussion of the breadth pattern 
above. 
13 y 7 y 
30/39 y 50/59 y 
Figure 26 
With regard to the children it may be remarked that the en-en, ex-ex, 
and p-p distances are generally greater in the boys than in the girls, 
while al-al and ch-ch are greater in the girls than in the boys. Espe-
cially the age group of 10 years shows a number of significant sex-dif-
ferences for these dimensions. For the adults things are different. The 
en-en and p-p distances are in both sexes much the same. The ex-ex 
and ch-ch distances in the women exceed those in the men, whereas 
al-al is obviously greater in the men than in the women. 
The findings of the present study with reference to the facial breadth 
measurements are generally in agreement with the findings of the in-
vestigators mentioned before, especially with those of Sakai (1957a). 
The linear dimensions measured on the photographs of the face in 
profile are all facial depth dimensions. In the literature we found the 
following observations as regards facial depth. 
Keith and Campion (1922) observed on skulls that the forward growth 
of the face from the meatus acusticus extemus was greater in the di-
luì 
rect ionofthe chin than of the nasion. According to Hellman (1927), also 
investigating skulls, the distance auriculo-menton showed the highest 
percentual increment, followed by the distance auriculo-prosthion infe-
r io r and next the distance auriculo-prosthion superior; the distance 
auriculo-nasion showed the lowest percentual increment. In 1932 this 
investigator measured living subjects between 5.5 and 22 years with 
relation to facial depth; his findings were the same as in his 1927 study. 
Goldstein (1936) observed that the curves of facial depth taken from the 
auricular axis become steeper from the nasion downwards to the menton. 
According to Young (1937) the proportionate increase in facial growth 
anter ior-poster ior ly , i .e. in facial depth, is grea ter in the region of the 
lower jaw than of the upper. Krogman (1951) investigated children with 
an age range from 6.5 to 13.5 yea r s ; he observed that over this period 
the face gains in depth at quite a uniform ra te , i .e. the whole facial 
s t ructure moves forward fairly evenly. He noted that the absolute gain 
seems to be g rea te r from above downwards, especially in the mid-face 
depth, the g i r l s showing an ea r l i e r growth movement than the boys. 
Coben (1955) observed that in both sexes the facial depth presented the 
greatest increment in the lower face, with the middle face only slightly 
exceeding the cranial base. According to Bambha (1961) the distance 
sella-nasion increases relatively little in both sexes between 5 and 24 
years , while the distances sella-infradentale and sella-gnathion in-
creased considerably, the distance sella-subspinale moderately.Haataja 
(1963), investigating children varying in age from birth to 14 years , 
observed that the distance gnathion-tragion showed the greatest mean 
increase , followed by the distances subnasale-tragion and nasion1-
tragion, in this order . The lat ter two dimensions were situated close 
to each other. 
What a r e our findings in this section? F i r s t the depth pattern will be 
discussed, next the indices. 
The depth pattern consists of the measurements tragion-nasion1 , 
t ragion-pronasion, tragion-subnasion, tragion-labralesuperius, t ragion-
labrale inferius, t ragion-supramentonandtragion-menton. These depth 
dimensions a r e projected distances, in the mid-sagit tal plane of the 
face, from the tragion point at the ea r . Just like the breadth pattern we 
found that the depth pattern i s not constant over the periods studied; 
Table qq shows the changes in these dimensions over the various pe -
r iods (see also Figure 22). 
In the period between 7 and 13 years in both sexes do the mean values 
for the distance t-n' decrease and for t-li and t-m increase . There is 
hardly change in the values for t-pm, t-sn, t-ls, t-sm. It may be pointed 
out that t-n' has the smallest absolute increase, t-li and t-m the greatest . 
T a b l e qq 
Changes in the measurements of the depth pattern (in %) 
age in years 
from 7-13 
years 
from 13 to 
30-39 years 
from 30-39 
to 
50-59 years 
i-n' 
d· 
-0.3 
-0.3 
-0.1 
9 
-0.3 
-0.1 
-0.2 
t-pm 
<f 
-0.1 
+0.2 
0.0 
9 
+0.1 
+0.1 
0.0 
t-sn 
d· 
0.0 
-0.1 
-0.2 
9 
-0.1 
-0.2 
-0.1 
t-ls 
<? 
0.0 
-0.3 
-0.1 
9 
-0.1 
-0.3 
-0.1 
M i 
(f 
+0.3 
-0.2 
0.0 
9 
+0.2 
-0.2 
0.0 
t-sm 
<f 
0.0 
+0.1 
+0.3 
9 
+0.1 
+0.1 
+0.2 
t-m 
tf 
+0.2 
+0.4 
+0.2 
9 
+0.2 
+0.4 
+0.3 
A comparison of the mean values at 30-39 years with those at 13 
years shows a reduction of t-n', t-sn, t-ls, t-li, whereas t-li shows an 
increase from 7-13 years .The remaining three dimensions t-pm, t-sm, 
t-m increase over this period of 13 to 30-39 yea r s . It is worth noting 
that especially for the female subjects but also for the male subjects 
the depth dimensions in the mouth region show the greatest reduction 
over this period; in all probability the factor of loss of teeth has to do 
something with it. Generally, the uppermost dimensions, except for 
t-pm, show the least absolute change; the two lowest dimensions, to-
gether with t-pm, show the greatest absolute change. 
Although over the period from 30-39 to 50-59 years the facial pattern 
does not remain the same, the changes a r e smal ler here than they were 
over the preceding period. The dimensions t-n', t-sn, and t-ls a r e 
reduced, t-pm and t-li remain the same, f-sm and i-m increase . It is 
likely that the most important factors responsible for these changes 
a re the loss of teeth and, perhaps still more , the enlargement of some 
facial pa r t s , especially of the chin, through changes in the soft- t issues 
due to factors like the deposition of fat. 
In the l i te ra ture about facial dimensions the distance tragion-prona-
sion seems never to come up for discussion. Our findings about the other 
depth measurements a r e in agreement with the resu l t s of other inves-
t igators , viz. that the absolute increase becomes generally grea te r 
from above downwards, with the greates t absolute increase from t r ag -
ion to menton. 
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Figure 27 
F r o m the seven depth measurements six indices were derived. Fig­
ures 23 and 24 show the course of these indices over the age periods 
studied; Table rr gives a brief survey of the changes in these indices 
from 7 to 13 years , between 13 and 30-39 years , and from 30-39 to 
50-59 years . 
T a b l e rr 
Changes with age in indices of depth measurements 
age in y e a r s 
f rom 7-13 
y e a r s 
f rom 13 to 
30-39 y e a r s 
f rom 30-39 to 
50-59 y e a r s 
i -n ' 
t-pm 
d* 
-1.9 
-2.8 
-1.0 
xlOO 
9 
-2.2 
-1.7 
-1.4 
i -n ' 
^ ι nn 
i - sn 
rf· 
-2.4 
-0.8 
-0.5 
9 
-1.6 
0.0 
-0.7 
i-n ' 
„ ι nn 
f-is 
σ· 
-2.2 
+0.4 
-1.0 
9 
-1.6 
+0.8 
-1.0 
f-n' 
„ ι nn 
i - K ~ " ~ 
cC 
-4.0 
-0.6 
-0.8 
9 
-3.5 
+0.2 
-1.2 
i -n ' 
t-sm 
tf 
-2.7 
-2.2 
-2.7 
xlOO 
9 
-2.4 
-1.5 
-2.8 
i -n ' 
„ ι nn 
t-m 
o» 
-3.3 
-3.8 
-2.2 
9 
-2.9 
-3.1 
-2.9 
The general trend in the indices over both age periods studied is a 
reduction. From 7 to 13 years the decrement is mostly g rea ter in the 
30/39 y 
50/59 y 
' У 
50/59 у 
boys than in the girls. The greatest reduction for both sexes over this 
t-n' t-n' t-n' period are seen in the indices —-p, - — , in this order, while the 
t-h t-m t-sm 
show the smallest decrements. In the adults indices t-n' t-n' t-n' 
t-pm ' t-sn ' t-ls 
from 30-39 to 50-59 years the drop in the mean indices is greatest in 
the lowest two dimensions, which indicates that the absolute differences 
between the distances i-m and i-sm on the one hand and t-n' on the other 
hand are still increasing. When we compare the mean values at 30-39 
years with those at 13 years, in most cases a reduction will be seen, 
t-n' . . . . t-n' 
but in the index i-Is for both sexes and in τ~Γ. for the girls a small 
t-h increaseofthe mean indexis found. These increments must be ascribed 
toan absolute decrease of t-ls and t-li, probably caused by changes in 
thedentition. Between 13 and 30-39 years the changes in the mean indi­
ces are for the male subjects generally greater than for the female 
subjects. 
13 у 
30/39 у 
30/39 у 
50/59 у 
7 у 
50/59 у 
Figure 28 
t-n' t-n' The highest mean values are found in the index , while - — and &
 t-sn t-m 
t-n' 
t-pm 
have the lowest mean values. This indicates that the absolute 
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differences between í-sn and t-n' are the smallest, and those between 
t-m and t-pm on the one hand and t-n' on the other hand the largest. 
t-n' t-n' t-n' 
The values of the three remaining indices —— , —— and are 
t-ls t-h t-sm 
intermediate ones. At 7 years these three indices have much the same 
mean values, but with increasing age they diverge, the greatest changes 
t-n' t-n' t-n' 
occurring in——- , next in—— , and the least in-—— . 
t-sm t-h t-ls 
About the children it may be remarked that t-n' is generally greater 
in the boys than in the girls, while t-sm and t-m are greater in the girls 
than in the boys. The number of significant sex-differences is greatest 
at 7, 12, 13 years. In the adults i-n', t-pm, t-sn, and i-Is are greater 
for the men than for the women; t-sm and t-m are greater for the women 
than for the men. 
Our findings show that the depth dimensions do not change uniformly 
over the age periods studied. They are in agreement with the observa-
tions of the other investigators already mentioned in this chapter. 
The drawings presented here (Figures 25, 26, 27, 28) show the face 
in front and in profile at different age levels, for the male and female 
subjects alike. These drawings are based on our findings, both of linear 
and angular measurements. To simplify matters, the distances en-en 
(face in front) and t-n' (face in profile) were taken as bases for the 
superimposed drawings of other age levels. The drawings may be con-
sidered as a figurative supplement to our data and graphs. 
ANGULAR PHOTOGRAMMETRIC MEASUREMENTS 
F a c e in p r o f i l e 
The 'height pattern' 
On the photographs of the face in profile we also measured angles; 
the procedure of these measurements has already been discussed. Par-
allel to the ideas of breadth pattern and depth pattern the concept of 
'height pattern' is at this stage introduced for the following seven angles 
(see Figures 7 and 29): 
the angle nasion'-tragion-menton (n'-t-m) [see Table 32]; 
the angle nasion'-tragion-pronasion (n'-t-pm) [see Table 33]; 
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the angle pronasion-tragion-subnasion (pm-t-sn) [see Table 34] ; 
the angle subnasion-tragion-labralesuperius (sn-t-ls) [see Table 35]; 
the angle lábrale superius-tragion-labrale inferius (ls-t-li) [see 
Table 36]; 
the angle lábrale inferius-tragion-supramenton (li-t-sm) [see Table 
37]; 
the angle supramenton-tragion-menton (sm-t-m) [see Table 38]. 
The angle nasion'-tragion-menton (the total facial angle) is the added 
sum of the remaining six angles. As distinct from the relative meas-
urements of the breadth and depth pattern, the angular measurements 
of the height pattern are all absolute measurements, because angles 
are independent of the factor of enlargement of the photographs. 
The angle nasion'-tragion-menton will be discussed first. Next, the 
six different parts of this angle will be considered. 
At 7 years the angle nasion'-tragion-menton has for the boys a mean 
value of 57.0°, for the girls of 57.4°. The mean values at 13 years are 
for both sexes identical with those at 7 years. Over the period 7-13 
years the average values for the boys vary between 56.1° and 57.8 , 
for the girls between 55.3° and 57.4 . The course of the mean values 
is somewhat irregular, but there is no clear trend towards either an 
increment or a reduction. The mean values for both sexes do not differ 
much, only at 8 years the boys exceed the girls by 2.5°; this difference 
is significant at the 5% level. 
On comparing the mean values at 13 years with those in the adults of 
30-39 years only a small decrement of 1.4° can be observed in both 
sexes. In the adult age groups of 40-49 and 50-59 years the mean values 
in the men have somewhat increased, in the women they remain ap-
proximately the same. There are no obvious sex-differences between 
the men and women. 
In the children the total facial angle shows slightly higher mean values 
than in the adults; both for the children and adults there is hardly any 
change in the average values. What is the behaviour of the six angles, 
each of which is part of the total facial angle? Do they show a similar 
constancy with increasing age or do they change? The various angles 
will now be discussed, starting from above downwards. 
The first is the angle nasion'-tragion-pronasion. At 7 years the 
mean of this angle is I o greater for the girls than for the boys, 18.9° 
and 17.9° respectively. Both in the boys and in the girls the mean angle 
increases fairly regularly between 7 and 13 years, in the boys by 1.3° 
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and in the girls by 1.0°. At nearly every age level the girls have higher 
mean values than the boys, except at 8 years, when the mean values 
are equal for both sexes. The sex-differences at 7 and 11 years are 
significant at the 1% level, at 12 years at the 5% level. 
Compared with the mean values at 13 years, the mean values at 30-
39 years are greater for the male subjects by 1.0°, for the female sub-
jects by 0.9°. In the adults the angle still increases somewhat with age, 
the mean values at 50-59 years having increased for the men by 0.7°, 
for the women by 0.3°, compared with the age period of 30-39 years. 
In each adult age group the women show higher mean values than the 
men; the sex-difference at 40-49 years is significant at the 5% level. 
The angle pronasion-tragion-subnasion is the second angle of the 
height pattern to be discussed. In the boys this angle hardly changes 
with age; the mean value at 7 years is 6.9° and at 13 years 7.0°. The 
same can be said of this angle in the girls; the mean value at 7 years 
is 7.0° and at 13 years 6.9°. Between 7 and 13 years there are hardly 
any sex-differences. 
The adult age group 30-39 years shows for the men a mean value of 
6.2 ( 0.8° less than the boys of 13 years), for the women a mean value 
of 7.2° (0.3° morethanfor the girls of 13 years). The mean values for 
the men and women at 50-59 years have increased by 0.2° in both sexes, 
compared with the adults of 30-39 years. In every adult age group the 
women have greater mean values than the men; the sex-differences are 
always significant at the 1% level. 
The next angle is the angle subnasion-tragion-labrale superius. At 
7 years the mean angle in the boys exceeds that of the girls by 0.4 
(7.8° and 7.4° respectively). The angle decreases in both sexes between 
7 and 13 years. At 13 years the boys as well as the girls have a mean 
angle of 6.9°. The decrement in mean value occurs in the boys fairly 
regularly, in the girls a little irregularly. The boys have nearly always 
greater mean values than the girls, except at 13 years, when both sexes 
show equal mean values. At 12 years the sex-difference is significant 
at the 1% level. 
Between 13 and 30-39 years the mean value increases in the male 
subjects by 0.7°; in the female subjects they decrease by 0.2°. For the 
adult age group 40-49 years there is likewise an increase, the mean 
angles being 8.5° in the men and 7.2° in the women. The age group 50-
59 years shows these same mean values in both sexes. The male adults 
have also higher mean values than the females; the sex-differences in 
the age groups between 30 and 59 years are significant at the 1% level. 
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Figure 29 
The next angle is the angle lábrale superius-tragion-lábrale inferius. 
This angle varies to some extent in the boys at different age levels be-
tween 7 and 13 years. The mean value at 7 years is 8.8°, at 13 years 8.7°, 
the angle varying between mean values of 9.2° at 8 years and 8.5 at 
9 years. In the girls this angle varies, too. At 7 years their mean value 
is 8,1°, at 13 years the mean angle has increased somewhat and reaches 
a mean value of 8.3°. The mean values for the boys are greater than 
for the girls; the sex-differences at 11 years are significant at the 1% 
level, at 7 years at the 5% level. 
In the period between 13 and 30-39 years the mean values diminish 
for both sexes, in the male subjects by 1.7° and in the female subjects 
by 1.1°. The reduction in this angle continues in the higher adult age 
groups, the angle reaching for the age group 50-59 years a mean value 
of 5.5° in the men, of 6.2° in the women. Mean values for the women 
are greater than for the men, but there are hardly any significant sex-
differences. 
The penultimate angle of the height pattern is the angle lábrale in-
ferius-tragion-supramenton. This angle diminishes both in the boys 
and in the girls between 7 and 13 years, in the boys from 5.8° to 5.3° 
and in the girls from 5.7° to 5.3°. The reduction does not take place 
very regularly. Mean values for the boys and girls do not differ much; 
there are no significant sex-differences. 
The adults age group 30-39 years shows for the men a mean value 
of 5.8°, which is the same as that of the boys at 7 years, and for the 
women a mean value of 5.3°, the same as the mean value for the boys 
and girls at 13 years. The increase in the male adults continues, the 
mean value at 50-59 years being 6.2°. The mean values for the women 
remain much the same with increasing age. At every adult age level the 
men have higher mean values than the women; in the age groups 30-39 
and 40-49 years the sex-differences are significant at the 1% level, at 
50-59 years at the 5% level. 
The last angle of the facial height pattern is the angle supramenton-
tragion-menton. This angle in the boys between 7 and 13 years remains 
much the same. The mean value at 7 years is 9.9°, at 13 years 9.8°. 
Over this period the mean angle varies between 10.2° and 9.8°. In the girls 
especially between 7 and 12 years the angle shows a clear decrement, 
viz. from 10.2° to 9.6°. The mean value at 13 years, however, increases 
again till 10.0°. At 8 and 11 years the mean values for the boys are 
significantly greater than for the girls at the 5% level. 
Comparing the average values at 30-39 years with those at 13 years 
a reduction can be observed in the male subjects of 1.0°, in the female 
subjects of 1.3°. In the men at 50-59 years the angle still shows a small 
decrease of 0.2°, compared with the age group 30-39 years. In the women 
the mean angle does not change with age. The men and women do not show 
any significant sex-differences as regards this angle. 
From some of the above-mentioned angles derives our next index 
which represents the relation between nose height and subnasal height. 
τ • angle nasion' -tragion-subnasion
 1 f 1 ( i 
angle subnasion-tragion-menton 
This index is presented in Table 39 (see also Figure 30). The mean 
values at 7 years are for the boys 77.3 and for the girls 83.2. The index 
increases fairly regularly for the boys; at 13 years it has a mean value 
of 86.1, i.e. an increment of 8.8. For the girls the index increases to 
91.7 at 12 years (a rise of 8.5), but at 13 years the mean value is only 
88.4. At every age level the mean values for the girls are higher than 
for the boys. At 7, 11, 12 years the sex-differences are significant at 
the 1% level, at 9 years at the 5% level. 
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Figure 30 
On comparing the mean values of adults at 30-39 years with those of 
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children at 13 years an increment in the index for both sexes can be 
observed; in the male subjects one of 5.0, in the female subjects even 
one of 12.8. For the adults the index will still increase: the mean values 
at 50-59 years are for the men 95.8, for the women 104.4. The mean 
values for the women are higher than for the men; the sex-differences 
are always significant at the 1% level. 
Maxillary and mandibular prognathism 
The results of this investigation are given in Tables 40 and 41 (see 
also Figure 31). 
Maxillary prognathism is determined by the angle tragion-nasion'-
subnasion. The mean values at 7 years are for the boys 81.4°, for the 
girls 82.2° . In both sexes this angle increases regularly between 7 
and 13 years, in the boys by 2.0° and in the girls by 1.4°. This angle 
does not show any significant sex-differences in the children. 
Between 13 and 30-39 years maxillary prognathism rises by 1.1° in 
the male subjects and drops by 1.0 in the female subjects. In the men 
and women the angle decreases at 40-49 years and increases again at 
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50-59 yea r s . The mean values at 30-39 and 40-49 years a r e greater for 
the men than for the women; the sex-differences a r e significant at the 
1% level. 
The mean values of mandibular prognathism, determined by the angle 
tragion-nasion'-menton are at 7 years for the boys 68.4°, for the gir ls 
69.6°. The angle increases regularly for both sexes between 7 and 13 
yea r s . The increment is about the same as in maxillary prognathism, 
i.e. for the boys 2.0° and for the g i r l s 1.7°. At every age level the mean 
values for the gi r ls a r e higher than for the boys; the sex-differences at 
9 years a r e significant at the 1% level, at 7 years at the 5% level. 
In the period between 13 and 30-39 years mandibular prognathism 
increases in the male subjects by 3.5°, in the female subjects by 3.0°. 
In the adults this angle increases in the men from 73.9° at 30-39 years 
to 74.9° at 50-59 years , in the women from 74.3° to 76.1° respectively. 
The mean values for the women a re generally higher than for the men, 
but there a r e no significant sex-differences. 
Both the angle of maxillary prognathism and the angle of mandibular 
prognathism increase for both sexes over the age periods studied. The 
increments between 7 and 13 years a r e much the same for both angles, 
while between 13 and 30-39 years the angle of mandibular prognathism 
increases considerably more than the angle of maxillary prognathism. 
The resul t i s a straightening of the facial profile. 
Angles of facial profile 
There a r e two angles which express the convexity of the facial profile 
(see Figure 32). The angle nasion'-subnasion-menton excludes the nose 
(see Table 42), the angle nasion'-pronasion-menton includes the nose 
(see Table 43). 
The mean values of the angle nasion'-subnasion-menton for the boys 
and g i r l s at 7 years a r e equal, viz. ISS.QP. As can be seen, between 7 
and 13 years this angle shows only very slight changes for both sexes . 
The mean values at 13 years a r e for the boys 157.0°, for the gi r ls 
158.1°. Over this period the mean angle var ies in the boys between 157.0° 
and 158.3°, in the e i r l s between 157.8° and 158.6°. At 8 years the mean 
values a r e g rea te r for the boys than for the g i r ls ; from 9 to 13 years the 
gi r ls show higher mean values than the boys. There a r e , however, no 
significant sex-differences. 
At 30-39 years the mean values for the men a r e 161.1°, for the women 
164.7°, i .e . an increase for the male subjects by 4.1° and for the female 
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subjects by 6.6° compared with the mean values at 13 years. After 
30-39 years this angle of the facial profile still increases, the mean 
values at 50-59 years being for the men 162.8° and for the women 167.0°. 
The mean angles for the female adults are always greater than for the 
male adults; the sex-differences in the age group 30-39, 40-49, 50-59 
years are significant at the 1% level. 
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As regards the angle of the facial profile including the nose (the angle 
nasion'-pronasion-menton), this angle of facial convexity remains about 
the same in the boys between 7 and 13 years. The mean value at 7 years 
is 129.0°, at 13 years 128.7°. During this period the mean angle varies 
between 130.0° and 128.7°. The girls show a fairly constant angle be-
tween 7 and 12 years; their mean values are 130.5° and 130.1° res -
pectively. The mean value at 13 years has diminished by 1.4°, com-
pared with the preceding age level. The mean angle for the girls gener-
ally exceeds that for the boys; the sex-differences are significant (at 
the 10% level) at 7 and 11 years. 
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The degree of facial convexity at 30-39 years does not differ much 
from the values at 13 years. In the men the mean angle at 30-39 years 
is 127.6°, in the women 129.8°; facial convexity remains the same for 
the adult age groups 40-49 and 50-59 years. The mean values for 
the women are again higher than for the men; the sex-differences 
at 30-39 and 40-49 years are significant at the 1% level. 
D i s c u s s i o n 
In studies concerning facial depth dimensions it is only rare that we 
find any reference to the various angles between these dimensions. To 
the best of our knowledge only Hellman (1927) has remarked that these 
angles tend to close up, changing reversely to the other measurements. 
This observation, however, is too vague to be of any help in our inves­
tigation. 
The investigation of the total facial angle and of the various angles 
which together form the facial height pattern provides us with the fol­
lowing data (see also Figure 29). 
The mean total facial angle nasion'-tragion-menton shows hardly 
any change in the boys and girls between 7 and 13 years; the same 
may also be said of the male and female subjects between 30 and 59 
years. The only difference between the two groups is that for the 
children the mean values are slightly higher than for.the adults. 
The total facial angle is subdivided into six smaller angles. Now the 
question that posed itself was whether these angles, too, remained con­
stant in mean value over the period studied or that they changed with 
increasing age. We found that the various components of the total facial 
angle are no more constant than the breadth and depth patterns, in spite 
of the fact that the total facial angle itself continues to show the same 
mean values. 
What strikes one in these mean angles of the height pattern is that the 
three superior angles in the height pattern, especially the angle n' -t-prn, 
tend to increase, and that the three inferior angles, especially the angle 
ls-t-li, tend to decrease. The changes for these mean angles in the 
children are mostly small. 
In the literature we found the following observations as regards the 
. , angle nasion'-tragion-subnasion ,
 n
_ index: ——
л
 : —
:
 χ 100 . 
angle subnasion-tragion-menton 
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Brodie (1941), Herzberg and Holic (1943), Coben (1955), and Pelton and 
Elsasser (1955) compared nose height with face height, while Meredith, 
Knott and Hixon (1958) and Van der Linden (1959) used the index nose 
height/subnasal height, because according to them an index should not 
be composed of the same variables. The latter relation was also inves-
tigated in the present study. 
Brodie (1941) investigated the relation between nose height and mor-
phologic face height; he observed a constant relation of 43, in children 
as well as in adults. Herzberg's and Holic's (1943) findings from a great 
number of adult skulls were in agreement with those of Brodie's. Ac-
cording to Coben (1955) the change in the ratio nose height/face height 
between 8 and 16 years is in boys 0.2 and in girls 0.4, in fact a very 
slight increase. Pelton and Elsasser (1955) observed that the average 
ratio upper face height/total face height remained markedly uniform 
between 6 and 24 years; in male subjects the index changed from 46.0 
to 47.1 and in female subjects from 46.1 to 47.6. Meredith, Knott and 
Hixon (1958) investigated the relation between nasal height and subnasal 
height; they found that this ratio increased at every age level between 
4 and 12 years, in boys from 71.5 to 78.8 and in girls from 71.9 to 79.5. 
At every age level the mean values for girls were greater than those 
for boys. Van der Linden (1959) likewise examined the relation between 
nasal height and subnasal height; he observed a mean value at 7 years 
of 73.8in boys and of 75.1 in girls, at 11 years 76.9 and 77.7 respecti-
vely. 
Although the index used in the present study does not exactly corre-
spond with the index used by the above-mentioned investigators, our 
findings are in agreement with the observations of Meredith, Knott and 
Hixon, and of Van der Linden. In the children examined by us, too, an 
increment occurs, which continues after 13 years, for the mean values 
at 30-39 years are higher than those at 13 years. The mean values for 
the female subjects are higher than those for the male subjects; the 
sex-differences are often statistically significant. 
In the literature we found the following observations as regards max-
illary and mandibular prognathism. 
Björk (1947) observed that the angle of maxillary prognathism (sella 
turcica-nasion-prosthion) in male subjects from 12 to 21 years had 
increased by 1.2 + 0.31°, the angle of mandibular prognathism (sella 
turcica-nasion-pogonion) by 2.8 + 0.32°. 
According to Lande (1952) mandibular prognathism generally in-
creases in male subjects after 7 years; maxillary prognathism does not 
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increase before 12 years . The mandible becomes m o r e prognathic than 
the maxilla. 
Peltonand E l s a s s e r (1955) observed in both sexes an increase in facial 
prognathism between 6 and 24 y e a r s . The increment in mandibular prog­
nathism was g r e a t e r in female subjects than in male subjects. In both 
sexes the increase in prognathism in the lower jaw region was less than 
in the upper jaw region; there was no straightening of the facial profile. 
Van der Linden (1959) observed hardly any changes in the angle of 
maxillary prognathism (sella turcica-nasion-spina nasal i s anterior) in 
boys and gir ls between 7 and 11 years ; the angle of mandibular progna­
thism (sella turcica-nasion-pogonion) increased during that period in 
boys by 1.18 + 0.30° and in g i r l s by 1.06 + 0.20°. 
Subtelny (1959) investigated the changes in the prognathism of the 
integumental chin (angle basion-soft t i ssue nasion-soft t i ssue pogonion) 
between 6 months and 18 years for both sexes. Between 7 and 13 years 
this angle of prognathism increased in boys from 60.0 to 62.2°, in gir ls 
from 62.0° to 65.0°. 
Our findings a r e in agreement with those of В jörk (1947), Lande (1952), 
Van der Linden (1959), and Subtelny (1959). There is an increase in 
facial prognathism over the periods studied; the increase in prognathism 
in the lower jaw region is much grea ter than in the upper jaw region, 
resulting in a straightening of the facial profile. 
In the l i te ra ture we found the following observations as regards the 
angles of facial profile. 
Bjòrk (1947) observed an increment of 4.4 + 0.58° in the profile angle 
nasion-prosthion-pogonion in male subjects from 12 tot 21 years , r e -
sulting in a straightening of the facial profile. Lande (1952) showed the 
same in boys between 3 and 18 yea r s . According to Pelton and Elsasse r 
(1955) the angle nasion'-subnasion-pogonion dec reases in both sexes 
between 5 and 24 years ; as a resul t the convexity of the facial profile 
increases with age in both sexes . Subtelny (1959) concluded on the basis 
of his averaged angular measurements for soft t issue profile convexity 
excluding the nose, i .e. of the angle soft t i ssue nasion-subnasion-soft 
t i ssue pogonion, that in the convexity of the soft t i ssue profile there is 
hardly any change from 6 months to 18 yea r s . In a few cases he observed 
that the soft t i ssue profile became slightly s t ra ighter (less convex) at 
about 18 y e a r s . В jörk and Lande drew their conclusions from measu re -
ments based on skeletal landmarks, whereas Pelton and Elsasse r , Sub-
telny and the present author worked from landmarks on the soft t i s -
sues covering the facial skeleton. 
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Our findings concerning the soft tissue facial profile angle nasion'-
subnasion-menton show facial convexity in both sexes to be fairly con-
stant between 7 and 13 years; this facial convexity shows a marked 
decrease in the male and female subjects between 13 and 30-39 years, 
which decrease continues in the elderly adults and results in a straight-
ening of the facial pi ofile. 
Subtelny (1959) also investigated the facial profile angle including the 
nose, i.e. the angle soft tissue nasion-tip of nose-soft tissue pogonion. 
Both in male subjects and in female subjects between 3 and 18 years 
there was a marked increase of facial convexity, in male subjects from 
142° to 133° and in female subjects from 141( to 131°. He concluded 
that the forward growth of the nose was proportionally greater than the 
forward growth of the other soft tissue structures of the face. 
Our findings about the facial profile angle including the nose, i.e. 
the angle nasion'-pronasion-menton, show on the other hand a fairly 
constant convexity in the children between 7 and 13 years, as well as 
in the adults between 30-39 and 50-59 years. The facial convexity in the 
women is about the same as in the girls, while the facial convexity has 
slightly increased in the men as compared with the boys. 
Finally, something may be said here about the sex-differences as 
regards the facial profile angles. Pelton and Elsasser (1955) observed 
for the angle of convexity of the facial profile in boys at 6 years a mean 
value of 166.0°, in girls at 6 years one of 166.5°; at 24 years 162.0° and 
165.0° respectively. Female subjects, then, show higher mean values 
than male subjects. Subtelny (1959) concluded that there was no well-
defined sex differentiation with regard to the convexity of the soft tissue 
profile between 6 months and 18 years. According to Van der Linden 
(1964), the face of the adult man as a rule shows a straighter facial 
profile than that of the adult woman. The findings of the present study 
show generally higher mean values of facial profile angles in the female 
subjects than in the male subjects; in most adults the sex-differences 
are even significant at the 1% level. This means that for the periods 
studied here the facial profile tends to be straighter in the female sub-
jects than in the male subjects. 
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Conclusions 
The findings of the cross-sect ional analysis - both for the mixed-
longitudinal mater ia l of the children between 7 and 13 years and for the 
purely cross-sect ional mater ia l of the adults between 20-59 years - of 
thedimensionsof head, face, and s ta ture seem to warrant the following 
conclusions: 
1. Stature shows a different growth pattern for the two sexes; the boys 
a re on the average tallest at 7-11 years , the gi r ls at 12 and 13 yea r s . 
This difference is due to the ea r l i e r onset of puberty in gir ls and to 
the ensuing acceleration of growth. 
2. Mean head length, breadth, and circumference a r e at every age level 
between 7 and 13 years significantly grea ter for the boys than for 
the g i r l s ; the same may be said of the facial dimension of bizygo-
matic breadth. 
3. Morphologic face height is at 7-11 years significantly grea ter in 
the boys than in the gir ls ; at 12 and 13 years the sex-difference for 
this dimension becomes l e s s . 
4. The cephalic index for the children tends to decrease , especially 
for the boys; this i s an indication that the head is becoming more 
dolichocephalic. 
5. The increase of the facial index for the children indicates that the 
face grows more in length than in width; the t ransversa l cephalic-
facial index likewise shows an increase , indicating that facial width 
has a more rapid development than head width. 
6. The general trend for the photogrammetric facial breadth dimen-
sions ( 'breadth pattern ') at 7-13 years and between 13 and 30-39 
years seems to be towards a grea ter absolute increase of nose 
breadth and mouth breadth than of the distances between the inner 
eye-angles, the outer eye-angles, and the pupils. Thus the changes 
in the facial breadth dimensions at a lower horizontal facial level 
exceed those at a higher one. 
7. The breadth pattern of the boys, compared with that of the g i r l s , 
shows a grea te r distance between the inner eye-angles, outer eye-
angles, and pupils, whereas compared with the boys, the gi r ls have 
a g rea te r nose breadth and mouth breadth.Compared with the women, 
the men have in the breadth pattern a grea te r nose breadth, but a 
smal le r outer eye-angle distance and mouth breadth; the distances 
between the inner eye-angles and the pupils a r e much the same for 
the men and the women. 
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8. The general trend for the photogrammetric facial depth measure-
ments ('depth pattern') at 7-13 years and between 13 and 30-39 
years, except for the distance tragion-pronasion, seems to be to-
wards a greater absolute increment from above downwards; the 
greatest increment occurs for the distance tragion-menton, next 
for the distances tragion-pronasion and tragion-supramenton, while 
the distance tragion-nasion' has the smallest increment. 
9. It seems that generally the superior facial depth dimensions in the 
depth pattern are greater for the male subjects than for the female 
subjects, but for the inferior depth dimensions the reverse is true. 
10. The photogrammetric total facial angle nasion'-tragion-menton 
hardly changes with increasing age: children as well as adults 
show about the same mean values. 
11. The total facial angle comprises six smaller ones ('height pattern'); 
these mean angles are not so constant as the mean total facial 
angle, but they go on changing till old age. The general trend of 
some of these angles is towards an increment (e.g. the angle na-
sion'-tragion-pronasion), of others towards a decrement (e.g. the 
angle lábrale superius-tragion-labrale inferius). 
12. Maxillary as well as mandibular prognathism increase over both 
age periods studied; the latter much more than the former. 
13. The mean photogrammetric facial angle nasion'-subnasion-menton 
remains much the same for the children, increases clearly in the 
younger adults, and continues to increase in the adults. The 
facial profile angle excluding the nose is straightened out, i.e. its 
convexity decreases. The mean facial profile angle nasion'-pro-
nasion-menton, which includes the nose, is about the same for the 
children and for the adults. These two profile angles are gener-
ally greater in the female subjects than in the male subjects; 
thus we observe a straighter face in the female subjects than in 
the male subjects. 
14. The mean photogrammetric measurements of the breadth, depth 
and height patterns are not constant for the adults; they change 
with increasing age. We see, for instance, a widening of the inner 
eye-angle distance tragion-menton, and a narrowing of the angle 
lábrale superius -tragion-labrale inferius. 
PARTII 
VII. Growth of head, face, and stature 
INTRODUCTORY 
In the present chapter .averages and variabil i t ies of the growth changes 
of the dimensions of head, face, and s ta ture , already discussed above, 
a r e studied in a semi-longitudinal mater ia l consisting of children. They 
a r e the first findings of our longitudinal approach to this subject. 
The growth changes were studied in the boys at 7-9, 9-11, 7-11, 10-12, 
10-14 years ; in the gi r ls over the same age periods, except 13 years 
instead of 14 years . Table s s below shows the number of children and 
the mean age increments over every age period. 
As seen from the table, the mean age increments in the boys and 
g i r l s over corresponding age periods a re much the same . Fur thermore , 
thenumber of subjects in the various age periods a r e not equal; espe-
cially the number ofboys and gir ls in the age periods 10-12 and 7-11 
years differ considerably. Our findings must be viewed against this 
background. The children from the different age periods a r e not always 
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the same individuals; our semi-longitudinal investigation covered a 
four-year period. 
T a b l e ss 
Mean age increments in children (semi-longitudinal material) 
age period 
in years N mean age increment in years SD 
boys 
7- 9 
9-11 
10-12 
12-14 
7-11 
10-14 
46 
44 
46 
24 
34 
21 
1.98 (from 6.96 to 8.94 years) 
1.84 (from 9.06 to 10.90 years) 
1.93 (from 9.95 to 11.88 years) 
1.80 (from 12.05 to 13.85 years) 
3.77 (from 7.09 to 10.86 years) 
3.77 (from 10.06 to 13.83 years) 
0.45 
1.29 
1.38 
1.10 
0.86 
0.75 
gir ls 
7- 9 
9-11 
10-12 
12-13 
7-11 
10-13 
39 
32 
21 
16 
17 
17 
2.02 (from 6.82 to 8.84 years) 
1.88 (from 9.05 to 10.93 years) 
1.96 (from 9.91 to 11.87 years) 
1.02 (from 11.89 to 12.91 years) 
3.71 (from 7.01 to 10.72 years) 
3.03 (from 9.89 to 12.92 years) 
0.44 
1.83 
1.25 
0.78 
1.94 
0.77 
For the anthropometric measurements both the mean absolute and 
the mean relative growth changes over every age period are given in 
tables to be found in the appendix. The growth changes in the photo-
grammetric measurements - expressed in the same units as already 
used in the foregoing part of the present study - are not given for each 
age period; the tables concerning these findings are not given in the 
appendix, but in their context. 
The tables providing the specified data contain the number (N) of 
subjects in every age period, the mean growth changes (M) for a certain 
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dimension, the standard e r r o r (SE) and the standard deviation (SD) of 
this mean. Besides, one column indicates the differences in the mean 
growth changes between the boys and gir ls , which differences were 
tested two-sidedly (Student's i-test for two samples) for significance. 
Against the figures of the mean growth changes in the boys as well as in 
the girls the level of significance is indicated (tested two-sidedly by 
Student's i-test for pair differences) for the growth changes in the same 
sex over the period studied. 
The relative growth changes a r e calculated by means of the formula 
^ - χ 100 (p is the value measured at one age, ç a t a la ter age). It should 
be noted that a procedure by which the growth change of a certain dimen-
sion is arrived at by simply subtracting the value measured at one age 
from the value measured at a later age in one subject leads to a m e a s -
urement e r r o r exceeding that of a single measurement , the measurement 
e r r o r tending to be \J~2 t imes the e r r o r of a single measurement . 
The findings of the semi-longitudinal mater ia l will be discussed in 
the same order as that for the mixed-longitudinal mater ia l . 
ANTHROPOMETRIC MEASUREMENTS AND INDICES 
Stature (see Tables 44, 45) 
The growth of s ta ture at 7-9 years is for the two sexes much the 
same. At 9-11 years and 10-12 years the growth ra tes of s tature for 
the gi r ls a r e significantly grea te r than for the boys, at the 1% and 5% 
level respectively. The absolute growth in length in the g i r l s at 7-11 
years exceeds that in the boys by 1.1 cm; the percentual growth of s ta t -
ure at 7-11 yea r s in the gi r ls is significantly (at the 5% level) g rea te r 
than in the boys. 
The growth of s ta ture in every age period in the boys as well as in 
the g i r l s i s significant at the 1% level. 
Head length (see Tables 46, 47) 
The absolute and relative growths for head length in the g i r l s at 7-9, 
9-11, 7-11 years a r e greater than in the boys; the sex-differences in 
these increments a r e significant at 7-9 and 7-11 yea r s . The growth in 
head length at 10-12 years is the same for the two sexes . 
In the boys as well as in the gi r ls the growth of the head length over 
each age period studied is significant at the 1% level. 
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Head breadth (see Tables 48, 49) 
The growth pattern of the head breadth, absolute as well as relative, 
agrees with the growth of the head length. At 7-9, 9-11, and 7-11 years 
the absolute and percentual growths in the gi r ls a r e grea te r than in the 
boys; the sex-differences for these increments a r e at 7-9 years signi-
ficant at the 10% level, at 7-11 years at the 5% level. At 10-12 years 
the increases in the head breadth a r e much the same in the two sexes . 
In the boys the growth in the head breadth over every age period 
studied is significant at the 1% level; likewise for the g i r l s , except in 
the age periods 10-12 and 12-13 years , when the increase is significant 
at the 5% level. 
Head circumference (see Tables 50, 51) 
The growth of the head circumference in the boys at 7-9 and 10-12 
years is somewhat greater than in the gir ls ; at 9-11 years the gi r ls 
have a grea te r increase in head circumference than the boys. In these 
biennial periods no significant sex-differences for the growth of the head 
circumference were observed. At 7-11 years the growth of the head 
circumference in the boys is significantly (at the 1% level) grea ter than 
in the g i r l s . 
The increase of the head circumference in the boys as well as in the 
gir ls is for each age period studied significant at the 1% level. 
Morphologic face height (see Tables 52, 53) 
The growth of the morphologic face height at 7-9 years is in the two 
sexes much the same. At 9-11 and 10-12 years it increases signifi-
cantly (at the 5% level), more in the gi r ls than in the boys. The boys 
have at 7-11 years a greater increase in the morphologic face height 
than the gi r ls ; this observation does not agree with our findings at 7-9 
and 9-11 yea r s . 
The increase of the morphologic face height in the g i r l s at 10-13 
(= 3.03) years is grea ter than in the boys at 10-14 (= 3.77) yea r s . The 
growth of the morphologic face height for the boys as well as for the 
gi r ls over every age period studied is significant at the 1% level. 
Bizygomatic breadth (see Tables 54, 55) 
The growth ofthebizygomatic breadth at 7-9, 9-11, 10-12, 7-11 years 
is always g rea te r in the gi r ls than in the boys. The sex-differences at 
9-11 and 7-11 years a r e significant at the 1% level; at 7-9 and 10-12 
years the sex-differences a re very slight and not significant. 
The growth of the bizygomatic breadth in the boys as well as in the 
gi r ls is for every age period studied, except at 12-13 years in the g i r l s , 
significant at the 1% level. 
Cephalic index (see Table 56) 
The changes in the cephalic index for the various age groups do not 
show any significant sex-differences. The changes at 7-9, 9-11, 7-11 
years a r e grea ter in the boys than in the gi r ls ; at 10-12 years they a r e 
greater in the g i r l s . 
The cephalic index decreases over every age period studied; except 
that t h e g i r l s a t 9 - l l years do not show any change. The decrements in 
this index for the boys at 7-9 and 7-11 years a r e significant at the 1% 
level, at 10-12 years at the 10% level. 
Facial index (see Table 57) 
The changes in the facial index for the boys as well as for the g i r l s 
do not differ significantly at 7-9 and 9-11 yea r s . At 10-12 years the 
mean index increases significantly (at the 10% level), more for the g i r l s 
than for the boys, whereas at 7-11 years the increase is significantly 
(at the 1% level) g rea te r for the boys than for the g i r l s . 
As regards the changes in this index, we find for the boys that the 
facial index increases significantly for every age group, except at 7-9 
years , when the index shows a slight decrease . In the g i r l s only the 
increments at 10-12 and 10-13 years a r e significant (at the 1% level). 
At 7-9 and 7-11 years the mean index shows a reduction. 
Transversa l cephalic-facial index (see Table 58) 
The changes in the t ransversa l cephalic-facial index at 9-11, 10-12, 
7-11 years a r e grea ter for the g i r l s than for the boys; the highest sex-
difference (significant at the 1% level) was observed at 9-11 yea r s . The 
change at 7-9 years in this index is somewhat grea te r for the boys than 
for the g i r l s . 
For nearly every age group the mean t ransversa l cephalic-facial index 
increases significantly at the 1% level. 
What conclusions can we draw from the above-mentioned growth 
(absolute as well as relative) of s ta ture and of some dimensions of the 
head and face ? 
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The growth for most dimensions over the first age period (at 7-9 
years) , in the boys as well as in the g i r l s , is much the same; except 
for the head length and head breadth, which in the g i r l s have slightly 
higher increases (significant at the 10% level) than in the boys. The 
relat ive growth of s ta ture i s the greatest ; next the bizygomatic breadth 
followed immediately by the morphologic face height. The smallest 
relat ive growth ra tes a r e found in the dimensions of the head. 
Over the period 9-11 years the increment for every anthropometric 
measurement is g rea te r in the gi r ls than in the boys. The increases of 
s ta ture , bizygomatic breadth and morphologic face height in the gi r ls 
a r e even significantly grea ter than in the boys. It is still the relative 
growth of s ta ture which in the two sexes is greates t , now followed by 
the morphologic face height and the bizygomatic breadth, in this o rder . 
The smallest relat ive r a t e s of growth a r e again found for the three 
dimensions of the head. 
Over the period 10-12 years the growth of s ta ture and morphologic 
face height in the gi r ls is still significantly grea te r than in the boys. The 
increments of the bizygomatic breadth and the head dimensions a r e for 
the two sexes much the same. The standard deviations in these in-
crements a r e generally grea ter for the gi r ls than for the boys; com-
pared with the foregoing age periods it may be noted that the differences 
in the standard deviations between the boys and gir ls have diminished. 
Our findings would confirm the theory that the growth pattern of the 
head (the neural growth type) is quite different from the growth pattern 
of the face and body height (the skeletal growth type). In a number of 
the g i r l s , adolescence has set in between 9 and 11 years , which fact 
may be inferred from the magnitude of the increase of s ta ture , mor -
phologic face height, and bizygomatic breadth. In a number of boys this 
presumably happened between 12 and 14 years , a conclusion based on 
the increase of the standard deviation in the growth of s ta ture at 12-14 
years . 
The three indices derived reflect the behaviour of the anthropome-
t r ic measurements of the head and face. The general trend of the cep-
halic index is towards a reduction; of the facial and t ransversa l cep-
halic-facial index it is towards an increment. The reduction occurring 
in the cephalic index indicates that the growth in head length is g rea te r 
than in head breadth, causing the headform to become more dolichocep-
halic. This observation is in agreement with the findings of Rose (1905), 
Sailer (1930b), Goldstein (1939), Piebenga (1942), Wünsche (1953), 
Meredith (1960). 
Stature and morphologic face height 
The growth changes for stature and for morphologic face height over 
biennial periods in the boys as well as in the girls were correlated for 
a possible relationship. 
In the girls no significant correlation could be established at 7-9, 
9-11,10-12 years. The boys, on the other hand, at 7-9 and 10-12 years 
showed significant (at the 5% level) positive correlations ( r= +0.37 and 
r =+ 0.31 respectively); at 9-11 and 12-14 years no significant corre-
lations were found. 
These findings indicate for the boys at 7-9 and 10-12 years a cor-
respondence between the increase in stature and the increase in the 
morphologic face height. 
LINEAR PHOTOGRAMMETRIC MEASUREMENTS 
F a c e in f r o n t 
The 'breadth pattern' 
The five breadth dimensions of the face in front, en-en, ex-ex, p-p, 
al-al,ch-ch, form together the so-called breadth pattern. In the analysis 
of the mixed-longitudinal material of the children we have described 
the general trend of the changes in these measurements. In the longi-
tudinal material we have investigated for the various age periods wheth-
er there are any significant differences between the two sexes as regards 
the increments of these breadth dimensions. 
Over the age period 7-9 years the breadth pattern changes for the 
two sexes, but only the changes in the distance p-p differ significantly 
(at the 10% level) for the two sexes; the boys increase by 0.3%, the girls 
keep the same mean value. 
The changes in the breadth pattern at 9-11 years differ significantly 
in the boys and girls for en-en, p-p anàal-al, at the 5%, 10% and 1% 
levels respectively. The changes in the pattern of the girls are greater 
than for the boys. At 7-11 years we found about the same changes as 
at 9-11 years; at 7-11 those in en-en and al-al differ significantly for 
the boys and girls. At 10-12 years the changes in the breadth pattern 
do not differ significantly for the two sexes. 
We now shall deal with the changes in the breadth pattern for the same 
sex over different age periods. 
In the boys at 7-9 years the distance en-en decreases and the distance 
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p-p increases, both significantly (at the 1% level). Over the other bien­
nial periods of 9-11, 10-12, 12-14 years the changes in the pattern are 
nowhere significant, except for the distance ex-ex, which at 10-12 years 
decreases significantly (at the 1% level). Thus the changes in the breadth 
pattern over biennial periods between 7 and 14 years are generally not 
significant in the boys. 
But when we observe the breadth pattern in the boys over a four-year 
period, at 7-11 and 10-14 years, we do find a larger number of signifi­
cant changes than over biennial periods (see Table tt below). It seems 
safe to say that the whole breadth pattern has changed significantly 
at 7-11 years, but to a less extent at 10-14 years. The changes in these 
dimensions generally correspond with the trend observed in the breadth 
pattern of the mixed-longitudinal material. 
T a b l e tt 
Growth changes (in %) in the breadth pattern of the boys 
measurements 
en-en 
ex-ex 
p-p 
al-al 
ch-ch 
7-11 years (n = 34) 
M 
-0.3* 
-0.3* 
0.3* 
0.3** 
0.0 
SE 
0.1 
0.1 
0.1 
0.1 
0.2 
SD 
0.6 
0.7 
0.8 
0.5 
1.4 
10-14 years (η = 21) 
M 
-0.2 
-0.6** 
-0.1 
0.4** 
0.4* 
SE 
0.1 
0.2 
0.1 
0.1 
0.2 
SD 
0.6 
0.9 
0.5 
0.5 
0.9 
In the girls generally no significant changes occur in the breadth pat­
tern over the biennial periods 7-9, 9-11, 10-12 years, nor at 12-13 years; 
only the decrease of en-en at 7-9 years, the increase oí p-p and the 
decrease of al-al at 9-11 years are significant. Unlike the findings in 
the boys over the four-year periods, in the girls hardly any significant 
changes are observed for the breadth pattern at 7-11 and 10-13 years; 
only p-p at 7-11 years and al-al at 10-13 years increase significantly 
(at the 5% level). It is remarkable that the girls show hardly any sig-
nificant changes in the breadth pattern over longer age periods; this 
cannot be explained only by the small number of girls in the age periods 
7-11 years (n=16) and 10-13 years (n=17), because the number of boys 
of 10-14 years is likewise small (n=21). What is the reason that the 
changes in the breadth pattern of the girls tend to be smaller and not 
significant? This fact may be due to an actually smal ler growth in the 
gir ls, but a freak composition of the girl group in our longitudinal 
mater ia l might also be responsible. 
For the boys as well as for the gir ls the standard e r r o r (SE) and the 
standard deviation (SD) of the changes in the dimensions of the breadth 
pattern over the various age periods a r e generally clearly greater for 
the distance ch-ch (mouth breadth) than for the other four breadth di­
mensions. We all know that the form of the mouth is easily changed. 
Hence especially in longitudinal r e s e a r c h unexpected deviations in this 
dimension can be found. We observed this disturbing factor in checking 
thedataof the individual subjects; besides, it is borne out by the higher 
SD in the changes of the mouth breadth. 
Indices 
F r o m the five breadth measurements on the photographs of the face 
en-en en-en 
in front four indices have been derived, viz. the indices 
ex-ex p-p 
en~en en—en 
—z—г and —;—г.. The course of these indices over the various age 
al-al ch-ch 
periods will now be discussed. 
Over the age periods 7-9, 9-11,10-12, 7-11 years the indices present 
changes that for the boys and gir ls a r e nearly always approximately the 
67l — 671 671~β71 
s a m e . Only the changes in a t 7 - l l a n d — — - at 7-9 and 7-11 years } a
 p-p al-al 
differ significantly for the two sexes. 
As regards the changes in the indices for the same sex, at 7-9 years 
we find a significant reduction in nearly every index for the boys as well 
as for the gir ls (Table uu below). 
At 9-11, 10-12, 12-14 years for the boys and at 9-11, 10-12, 12-13, 
7-11, 10-13 years for the gir ls the indices generally decrease, as a 
en—en 
rule not significantly, except for — , where we see a significant 
al-al 
decrease (at the 5% level) at 9-11 years for the two sexes . 
For the boys at 7-11 and 10-14 years there a r e some significant r e -
j ..· »-г и · en-en , en-en
 t ._ , . . en-en , 
ductions; at 7-11 years in and ; at 10-14 years in —-—- and 
p-p al-al al-al 
—,—г (see Table υυ below). 
ch-ch 
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T a b l e uu 
Changes in indices derived from breadth measurements at 7-9 years 
indices 
en-en 
ex-ex 
en-en 
P-P 
en-en 
al-al 
en-en 
ch-ch 
boys (η = 46) 
M 
-0.6(*) 
-2.0** 
-2.7* 
-1.9 
SE 
0.3 
0.4 
1.0 
1.2 
SD 
2.1 
2.6 
6.9 
8.0 
g i r l s (η = 38) 
M 
-0.8* 
-1.2* 
-2.3(*) 
-1.9(*) 
SE 
0.3 
0.4 
1.3 
1.1 
SD 
2.0 
2.7 
7.9 
7.0 
T a b l e νυ 
Changes in indices derived from breadth measurements in the boys 
indices 
en-en 
ex-ex 
en-en 
P-P 
en-en 
al-al 
en-en 
ch-ch 
7-11 years (η = 34) 
M 
-0.5 
-2.0* 
-4.0** 
-1.5 
SE 
0.4 
0.5 
1.2 
1.3 
SD 
2.1 
2.6 
6.9 
7.5 
10-14 years (η = 21) 
M 
0.2 
-0.6 
-4.4** 
-2.9* 
SE 
0.5 
0.5 
1.4 
1.3 
SD 
2.2 
2.3 
6.6 
6.1 
The greatest reduction for the boys as well as for the girls is gener-
en—en en—en 
ally found in —:—г , the smallest reduction in . For the boys at 3
 al-al ex-ex 
en—en en—en 
7-11 years the reductions of ^ and
 м A are greater than for the ex-ex P-P 
en—en en—en boys at 10-14 years; the reductions of — — - and ——- are greater for 
the boys at 10-14 years than for the boys at 7-11 years. This would 
suggest that at 10-14 years the absolute changes a re g rea te r for al-al 
and ch-ch, and smal ler for the three other breadth dimensions compared 
with the period 7-11 yea r s . 
F a c e in p r o f i l e 
The 'depth pat tern ' 
The seven depth dimensions in the face in profile, viz. t-n', t-pm, 
t-sn, t-ls, t-li, t-sm, t-m, together form the so-called depth pattern. 
Our findings show that over the age periods 7-9, 9-11, 10-12, 7-11 years 
there a r e hardly any significant differences as regards the changes in 
depth measurements between the two sexes . Only the changes in t-pm 
and t-ls at 7-9 years and in t-sn at 9-11 years differ significantly for 
the two sexes (the former two at the 10% level, the lat ter at the 5% lev-
el). No significant differences between the boys and g i r l s for these 
measurements were found at 7-11 yea r s . 
We shall now deal with the changes in these depth dimensions for the 
boys at the various age periods. At 7-9 years there a r e only two distances 
that show a significant change (at the 1% level), viz. a significant reduc-
tion of t-pm and a significant increase of t-li. At 9-11 years no fewer 
than four measurements present significant changes, t-n' and f-sn show-
ing a significant reduction (at the 1% level) and t-li and t-m a signifi-
cant increment (at the 1% level). The next biennial period of 10-12 years 
presents a significant reduction of t-ls and a significant increment of 
t-li both at the 5% level. In the last biennial period of 12-14 years there 
a re no significant changes in the depth dimensions at all . The most s ig-
nificant changes in the boys over a two-year period were observed at 
9-11 yea r s . 
The changes in the dimensions of the depth pattern in the boys viewed 
over a four-year period, from 7-11 and from 10-14 years , show signi-
ficant changes for nearly every dimension. Table ww l is ts our findings 
for these two age periods. 
Like the breadth pattern of the boys, their depth pattern may be said 
to change significantly at 7-11 years , and also, though less markedly 
so, at 10-14 yea r s . 
As in the case of the breadth pattern, the changes in the depth pattern 
of the g i r l s a r e less marked than in the boys' pat tern. At 7-9 years , 
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only t-ls and t-li show a change, t-ls decreasing and t-li increasing 
(both changes are significant at the 10% level). At 9-11 years only t-li 
shows a significant increment (at the 10% level). Over the period 10-12 
years the same phenomenon is observed for t-sm distance. At 12-13 
years there are no significant changes in the depth pattern of the girls. 
T a b l e ww 
Growth changes (in %) in the depth pattern of the boys 
measurements 
f-n' 
t-pm 
t-sn 
t-ls 
t-li 
t-sm 
t-m 
7-11 years (n = 33) 
M 
-0.4** 
-0.2** 
-0.1** 
0.0 
0.3** 
0.2** 
0.2** 
SE 
0.1 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
SD 
0.4 
0.3 
0.2 
0.2 
0.3 
0.3 
0.5 
10-14 years (η = 21) 
M 
-0.3** 
-0.1 
-0.1(*) 
-0.1(*) 
0.2** 
0.1 
0.3** 
SE 
0.1 
0.0 
0.0 
0.0 
0.1 
0.1 
0.1 
SD 
0.4 
0.2 
0.2 
0.2 
0.2 
0.3 
0.4 
T a b l e xx 
Growth changes (in %) in the depth pattern of the girls 
measurements 
t-n' 
t-pm 
t-sn 
t-ls 
t-li 
t-sm 
t-m 
7-11 years (n = 16) 
M 
-0.3* 
-0.1 
-0.1 
0.0 
0.2** 
0.1 
0.2 
SE 
0.1 
0.1 
0.1 
0.0 
0.1 
0.1 
0.1 
SD 
0.5 
0.3 
0.3 
0.2 
0.3 
о;з 
0.5 
The changes in these depth distances in the girls over a four-year 
period (7-11 years) and over a three-year period (10-13 years) are 
smaller than those in the boys. At 10-13 years there are no significant 
changes at all; at 7-11 years only a few dimensions present a signifi­
cant change (see Table 'xx). 
Of the depth pattern of the girls it may be said, as of their breadth 
pattern, that growth in these dimensions, too, is not easily established. 
Indices 
The six indices derived from the facial depth measurements are 
t-n' t-ri t-n' t-n' t-n' t-n' 
, τ , ——- ,-—-, , - — . The sex-differences for the 
t-pm t-sn t-ls t-h t-sm t-fn 
changes in these indices over the various age periods are given first, 
followed by the changes in the indices for the same sex. 
In the age periods 7-9, 9-11, 10-12, 7-11 years there is a change in 
every index, for the boys as well as for the girls, but only the change 
t-n' i n - r y at9-llyearsintheboys(-2.9)issignificantlygreater(atthe 10% 
level) than in the girls (-1.7). The other changes in these indices do not 
show any significant sex-differences. 
t-n' In the boys at 7-9 years only—— shows a significant reduction (at 
t-li 
the 1% level), while at 9-11 years every index presents a significant 
reduction. Inthenext biennial periods over 10-12 and 12-14 years it is 
f-n' 
only that has decreased significantly at 12-14 years. 
t-pm 
The changes over the four-year periods 7-11 and 10-14 years, are 
given in Table yy below. 
As a rule the reductions of the indices are greater at 7-11 years 
than at 10-14 years. Over both age periods the reductions in the three 
indices at the top of Table yy are clearly smaller than those at the bot­
tom. This indicates that over these age periods the absolute growth of the 
inferior depth distances of the facial profile is greater than of the supe­
rior ones. Furthermore, it should be noted that at 10-14 years every 
index reduces significantly, whereas the changes in these indices at 
10-12 and 12-14 years are scarcely significant. 
In the girls not a single index changes significantly at 7-9, 10-12, 
12-13, 10-13 years. At 9-11 years all indices reduce; the reduction in 
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T a b l e yy 
Changes in indices derived from depth measurements in the boys 
indices 
t-n' 
t-pm 
t-n' 
t-sn 
t-n' 
t-ls 
t-n' 
t-li 
t-n' 
t-sm 
t-n' 
t-m 
7-11 years (n = 34) 
M 
-1.4** 
-2.0** 
-2.9** 
-4.6** 
-3.8** 
-3.8** 
SE 
0.4 
0.5 
0.5 
0.7 
0.9 
0.9 
SD 
2.2 
2.7 
3.1 
4.1 
4.9 
5.5 
10-14 years (η = 21) 
M 
-1.5** 
-1.6** 
-1.4* 
-3.0** 
-2.6** 
-3.2** 
SE 
0.4 
0.5 
0.6 
0.8 
0.8 
0.9 
SD 
2.0 
2.1 
2.9 
3.6 
3.7 
4.1 
T a b l e zz 
Changes in indices derived from depth measurements in the girls 
indires 
t-n' 
t-pm 
t-n' 
t-sn 
t-n' 
t-ls 
t-n' 
t-li 
t-n' 
t-sm 
t-n' 
t-m 
M 
-1.1(*) 
-1 .3* 
-1.7* 
-3.2* 
-2.2 
-3.2* 
7-11 years (n 
SE 
0.6 
0.6 
0.7 
1.2 
1.3 
1.4 
= 16) 
SD 
2.4 
2.4 
2.9 
4.9 
5.2 
5.7 
t-n' ί-η' t-n' (-1.1) is significant at the 5% level, those in j — — (-0.8) and -—; 
(-1.4) at the 10% level. The changes in the indices at 7-11 years are 
nearly always significant (Table zg). The course of these changes, al­
though they are smaller, is about the same as the one found in the boys 
at 7-11 years. 
ANGULAR PHOTOGRAMMETRIC MEASUREMENTS 
F a c e in p r o f i l e 
The 'height pattern' 
This pattern consists of seven angles, expressing height relations in 
the facial profile. 
As regards the sex-differences for the changes in these angles, at 
7-9, 9-11, 10-12, 7-11 years we do not see any significant differences 
between the boys and the girls. 
Neither the boys nor the girls show any significant changes in the 
angles over the biennial periods. As we have mostly done before, we 
shall only report here the changes in the height pattern for the boys at 
7-11 and 10-14 years (see Table Aa), and for the girls at 7-11 years 
(see Table Bb). 
The total facial angle (n1-t-m) increases approximately the same for 
the boys and girls at 7-11 years; the increment at 10-14 years is sig­
nificant in the boys (at the 10% level). The angle n'-t-pm in the boys at 
7-11 and 10-14 years increases significantly at the 1% level; in the 
girls at 7-11 years the angle increases likewise, but not significantly 
so. The angle pm-t-sn increases significantly in the two sexes over 
the four-year age periods. The remaining angles of the facial height 
pattern generally show only slight changes at 7-11 and 10-14 years. 
The changes in the index derived from the angles n'-t-sn and sn-t-nt 
I n'-t-sn 
'• are given in Table Cc below. 
\ sn-t-m 
It is worth noting that the increments in this index for the girls at 
9-11 and 10-12 years are significantly greater than for the boys. Over 
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the period 7-11 years no significant sex-difference in this index was 
observed. 
T a b l e Aa 
Changes in the height pattern (in degrees) in the boys 
angles 
ri -t-m 
ri -t-pm 
pm-t-sn 
sn-t-ls 
ls-t-li 
li-t-sm 
sm-t-m 
7-11 years (n = 34) 
M 
1.0 
1.7** 
0.4* 
-0.6** 
-0.2 
-0.3 
0.0 
SE 
0.8 
0.4 
0.2 
0.2 
0.3 
0.2 
0.3 
SD 
4.4 
2.4 
1.0 
1.2 
2.0 
1.3 
1.8 
10-14 years (η = 21) 
M 
1.8(*) 
1.5** 
0.4* 
-0.3 
-0.5 
0.0 
0.7 
SE 
1.0 
0.4 
0.2 
0.3 
0.4 
0.3 
0.4 
SD 
4.6 
2.0 
0.8 
1.3 
2.0 
1.3 
1.8 
T a b l e Bb 
Changes in the height pattern (in degrees) in the girls 
angles 
n' -t-m 
ri -t-pm 
pm-t-sn 
sn-t-ls 
ls-t-li 
li-t-sm 
sm-t-m 
7 
M 
1.1 
0.8 
0.8** 
0.0 
-0.5 
0.1 
-0.4 
-11 years (n = 1 
SE 
1.2 
0.7 
0.2 
0.2 
0.3 
0.3 
0.5 
7) 
SD 
4.9 
2.7 
1.0 
0.8 
1.3 
1.3 
2.1 
T a b l e Cc 
Changes in the index 
boys 
age in 
years 
7- 9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
5.0** 
2.6(*) 
2.0 
4.6* 
9.5** 
7.0** 
SE 
1.7 
1.5 
1.2 
1.8 
2.0 
1.7 
SD 
11.8 
10.1 
8.2 
8.7 
11.8 
7.7 
g i r l s 
age in 
yea r s 
7- 9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
36 
32 
20 
16 
17 
16 
M 
3.3 
7.6** 
10.1** 
3.0 
6.5* 
11.9** 
SE 
2.0 
2.1 
2.2 
2.2· 
3.0 
1.9 
SD 
12.1 
11.7 
9.6 
9.0 
12.5 
7.6 
sex-
diffe-
rence 
1.7 
-5.0(*) 
- 8 . 1 * * 
3.0 
Maxillary and mandibular prognathism 
For the boys as well as for the girls there is an increase in the angle 
of maxillary prognathism for every age period that was investigated in 
this longitudinal material. The increments over a biennial period are 
generally about 0.5°, except that in the boys at 7-9 and 9-11 years the 
angle increases significantly (at the 10% level), by 0.8° and 0.9 res-
pectively. At 7-11 years this angle increases for the boys by 1.3°, which 
is significant at the 5% level. These are the only significant growth 
changes in maxillary prognathism. There are no further significant sex-
differences as regards any increment in this angle for the boys and 
girls. 
The increase in mandibular prognathism is generally more pronounced 
than that in maxillary prognathism (see Table Dd below). 
It is remarkable that at 10-12 years the angle for mandibular progna-
thism in the girls increases significantly more than in the boys. For 
the rest we see that for the present material the increase in this angle 
at 7-11 years is somewhat greater in the boys than in the girls. 
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T a b l e Dd 
Absolute growth in mandibular prognathism 
boys 
age in 
years 
7- 9 
9-11 
10-12 
12-14 
7-11 
10-14 
Ν 
46 
44 
46 
24 
34 
21 
M 
1.0* 
1.0(* 
0.4 
0.3 
1.6* 
0.8 
SE 
0.5 
0.6 
0.4 
0.8 
0.6 
0.7 
SD 
3.2 
3.7 
3.0 
3.9 
3.5 
3.2 
gir ls 
age in 
years 
7- 9 
9-11 
10-12 
12-13 
7-11 
10-13 
Ν 
36 
32 
20 
16 
17 
16 
M 
1.6** 
0.8 
1.8** 
-1.5* 
1 . Г ) 
0.8 
SE 
0.4 
0.6 
0.5 
0.6 
0.6 
0.7 
SD 
2.7 
3.1 
2.3 
2.5 
2.5 
2.6 
sex-
diffe­
rence 
-0.6 
0.2 
-MO 
0.4 
Angles of facial profile 
Theanglesn'-S7i-mandn'-/>r7i-m do not come in for much comment. 
The changes in the profile angle excluding the nose (n'-sn-m) do not 
show any significant sex-differences over the various age periods, nor 
any significant growth changes in the boys or in the girls. At 7-11 years 
the boys show a small reduction (-0.3°) in this angle, the girls a small 
increment (0.8°). 
For the changes in the profile angle including the nose (n'-prn-m), 
the same applies. At 7-11 years this angle increases in the boys as 
well as in the girls by 1.2° and 0.7° respectively, indicating a straight­
ening of the facial profile. 
Conclusions 
Our findings from the present section seem to warrant the following 
conclusions : 
1. Anthropometric measurements of head, face, and stature nearly 
always present significant growth changes over biennial periods. 
Growth changes over the same periods in facial photogrammetric 
measurements, linear as well as angular, are hardly significant. 
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2. Growth changes in stature, morphologic face height and bizygomatic 
breadth show a growth pattern obviously different from that of the 
dimensions of the head (length, breadth, circumference). The former 
have the skeletal growth type, the lat ter the neural one. 
3. Growth changes in s tature, morphologic face height and bizygomatic 
breadth for the g i r l s at 9-11 and 10-12 years a r e as a rule signifi-
cantly g rea te r than for the boys; this points to an ea r l i e r onset of 
adolescence in the g i r l s . 
4. The general trend for the cephalic index is towards a decrease with 
age, indicating that the headform becomes more dolichocephalic. 
5. The l inear photogrammetric facial measurements and the indices 
derived from them generally show significant changes over four-
year age periods (7-11 and 10-14 years); the so-called breadth and 
depth pattern may be safely said to change significantly over a four-
year period, a change in our mater ia l more marked in the boys than 
in the g i r l s . 
6. The growth trend for the l inear measurements , in the breadth as 
well as in the depth of the face, shows that for these two planes the 
dimensional facial growth generally increases from above down-
wards . 
7. With regard to the growth changes for the l inear photogrammetric 
measurements , unlike the anthropometric measurements they do 
not show any significant sex-differences at 9-11 and 10-12 yea r s . 
Hence no par t icular acceleration for these dimensions in the g i r l s 
can be established. 
8. The angles of the height pattern generally show the fewest signifi-
cant changes. The total facial angle increases , although hardly s ig-
ficantly so, over a four-year period, the angles of the height pat-
tern of the middle face showing significant increments . 
9. Both maxil lary and mandibular prognathism tend to increase in 
children; the increment over a four-year period in mandibular 
prognathism is often significant, and grea te r than the one in maxil -
lary prognathism. 
10. Both the facial profile angle excluding the nose and the one including 
the nose do not show any significant changes over the age periods 
studied. 
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Vil i . Discussion and summary 
The main purposes of the present study have been: 
1. to investigate by means of an appropriate photogrammetric method 
the differences for age and sex in the integumental face, for children 
as well as for adults; 
2. to analyse by means of this method the growth changes in the integ-
umental face of semi-longitudinal child material. 
At the same time the author hopes by performing the standard anthro-
pometric measurements, carried out on the heads, faces, and statures 
of the children and worked out in the same way as those sub 1-2, to have 
presented workers in this field with comparitive material. The experi-
mental procedure adopted was mainly based upon photogrammetric 
measurements on standardized photographs of the face in front and in 
profile both for children (606 boys, 558 girls) between 7 and 14 years, 
and for adults (247 men, 478 women) between 20 and 59 years. The child 
material is cross-sectional as well as semi-longitudinal, the adult mate-
rial is purely cross-sectional. 
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Arguments have been advanced for the suitability of the photogram-
metr ic method to study the trend of the dimensional changes in the hu-
man face and to establish the facial configuration in different planes at 
various age levels, both for children and adults. We have suggested a 
scheme for analysing the face for breadth, depth and height, which sche-
me keeps mainly to the standard anthropometric reference points. The 
scheme proposed by Matsukura, Sakai, and Uyeda, all from Japan, ap-
peared to us less expedient, although we were aware that owing to the 
introduction of a new analytical method a comparison between these 
Japanese studies and ours is not very well possible. Fur thermore , it i s 
necessary to s t r e s s that the reference points in our facial photographs 
a re soft t i ssue points. As we have already remarked, some of them can 
easily change their position; no doubt this is an unavoidable drawback 
of our method, especially in longitudinal r e sea rch . 
Both the cross-sect ional and the longitudinal method were applied in 
the present study. The former metnod was used to obtain standards of 
growth and to compare data for the two sexes, the la t ter method to study 
mean growth changes and their variabil i t ies over a par t icular age pe -
riod. The specific findings for these two methods have been presented 
and our conclusions drawn (see pages 119 and 138 respectively). E s -
pecially as regards the longitudinal photogrammetric mater ia l for the 
g i r l s our findings did not come up to our expectations. This fact cannot 
be accounted for by the small number of gir ls in our semi-longitudinal 
investigation, but is presumably due to a freak composition of the gir l 
group. We agree with Tanner and other investigators that longitudinal 
data a r e more efficient than cross-sec t ional ones for estimating mean 
increments and variabil i t ies in the r a t e of growth. Doubt is expressed 
in how far the growth changes of the small samples that a re the usual 
features of longitudinal studies may be said to be representat ive. 
Our findings on the growth changes in head, face, and stature a r e ge-
neral ly in agreement with the findings of other investigators. 
The growth standards and the growth changes of the measurements 
a re not the same for the two sexes . The anthropometric growth standards 
of head and face a r e for the boys generally significantly g rea te r than 
for the g i r l s between 7 and 13 yea r s . Stature forms an exception; as a 
rule this measurement is significantly grea te r in the boys at 7-11 years , 
but at 12 and 13 years it is grea ter in the g i r l s . The growth increments 
of theanthropometr icdimensionsofthehead a r e much the same in both 
sexes between 7 and 14 years ; likewise those of the face and s ta ture at 
7-9 yea r s . The growth increments for the lat ter dimensions at 9-11 and 
10-12 years , a r e significantly g rea te r in the gi r ls than in the boys. In 
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the girls this phenomenon may be ascribed to an acceleration in growth, 
denoting the onset of adolescence; in the boys such an acceleration oc-
curs at a later age level. Briefly, we have observed a different growth 
pattern for the anthropometric measurements of head and face, the 
latter being in children considerably greater than the former. 
In the face the growth is different; there is a tendency for the photo-
grammetric facial breadth and depth measurements to increase from 
above downwards. Some photogrammetric measurements show higher 
mean values in the male subjects, others in the female subjects. With 
regard to the linear photogrammetric measurements, in breadth as well 
as in depth, we found that those in the upper part of the face tend to be 
greater for the boys than for the girls; in the lower part of the face the 
reverse is true. As regards the angular facial photogrammetric measu-
rements, it may be noted that especially the mean total facial angle is 
nearly the same for the children and for the adults; furthermore, that 
the mean facial profile is straightening with increasing age, but more 
so in the female than in the male subjects. The growth changes for the 
photogrammetric measurements showed hardly any significant diffe-
rences for the two sexes. 
The growth increments for the anthropometric measurements of head, 
face, and stature over biennial periods are always significant, whereas 
the growth changes for the facial photogrammetric measurements are 
hardly significant over biennial as against four-year periods; over the 
latter period they are more significant for the linear measurements 
than for the angular ones. 
In the present study also the findings have been reported of a small-
scale investigation into the dentition of part of the subjects examined, 
children as well as adults. In drawing the conclusions these findings 
can be important. 
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APPENDIX 
K e y : 
N = number 
M = mean 
SD = standard deviation 
SE = standard error 
(*) = P(tail probability) is less than 10% but greater than 5% 
* = Ρ is less than 5% but greater than 1% 
** = Ρ is less than 1% 
I 
T a b l e 1 
Values for stature, in centimetres 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
96 
102 
101 
55 
32 
M 
124.3 
130.9 
135.0 
141.1 
145.2 
148.7 
153.2 
155.7 
SD 
5.7 
6.3 
6.5 
5.8 
6.5 
6.6 
8.0 
9.0 
female 
N 
105 
32 
74 
105 
69 
89 
44 
M 
122.6 
127.9 
133.5 
139.3 
142.6 
149.9 
153.7 
SD 
5.3 
5.9 
5.5 
5.5 
6.3 
6.9 
7.0 
sex-
difference 
1.7* 
3.0* 
1.5 
1.8* 
2.6* 
-1.2 
-0.5 
T a b l e 2 
Values for head length, in mill imetres 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
102 
55 
32 
M 
176.6 
179.8 
179.5 
181.7 
181.5 
182.7 
185.0 
184.9 
SD 
7.2 
6.0 
6.4 
5.8 
6.2 
6.5 
6.7 
6.5 
female 
N 
107 
32 
77 
106 
70 
89 
44 
M 
173.1 
174.5 
177.1 
177.9 
178.0 
179.4 
179.8 
SD 
6.9 
5.5 
5.4 
5.8 
6.1 
5.6 
6.0 
sex-
difference 
3.5** 
5.3** 
2.4* 
3.8** 
3.5** 
3.3** 
5.2** 
T a b l e 3 
Values for head breadth, in millimetres 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
102 
55 
32 
M 
141.4 
143.1 
143.6 
144.1 
144.8 
144.9 
146.2 
145.0 
SD 
5.1 
4.4 
4.6 
4.2 
4.8 
5.3 
5.0 
3.9 
female 
N 
107 
32 
77 
106 
70 
89 
44 
M 
136.9 
138.5 
138.8 
139.4 
140.5 
141.5 
141.8 
SD 
4.9 
4.0 
4.6 
4.8 
5.3 
5.0 
5.3 
sex-
difference 
4.5** 
4.6** 
4.8** 
4.7** 
4.3** 
3.4** 
4.4** 
T a b l e 4 
Values for head circumference, in millimetres 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
102 
- 55 
32 
M 
514.4 
524.8 
524.4 
528.1 
530.1 
534.2 
540.7 
537.4 
SD 
13.9 
12.7 
14.0 
13.0 
13.9 
15.9 
14.6 
14.7 
female 
N 
107 
32 
77 
106 
70 
89 
44 
M 
508.7 
513.0 
518.8 
519.6 
523.8 
526.9 
528.9 
SD 
15.2 
11.9 
14.6 
13.5 
15.3 
12.6 
14.0 
sex-
difference 
5.7** 
11.8** 
5.6* 
8.5** 
6.3** 
7.3** 
11.8** 
3 
T a b l e 5 
Values for morphologic face height , in millimetres 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
102 
55 
32 
M 
95.7 
100.2 
99.9 
102.0 
104.0 
105.4 
107.8 
109.2 
SD 
4.8 
4.5 
4.9 
4.8 
5.2 
5.7 
5.6 
6.6 
female 
N 
107 
32 
77 
106 
70 
88 
44 
M 
93.7 
95.0 
97.3 
99.6 
101.0 
103.8 
106.4 
SD 
4.9 
5.5 
4.9 
5.5 
5.1 
5.2 
5.3 
sex-
difference 
2.0** 
5.2** 
2.6** 
2.4** 
3.0** 
1.6* 
1.4 
T a b l e 6 
Values for bizygomatic breadth, in millimetres 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
102 
55 
32 
M 
116.5 
120.5 
121.8 
122.4 
124.4 
124.9 
127.9 
126.7-
SD 
4.4 
5.5 
4.8 
4.7 
4.8 
5.0 
5.3 
3.8 
female 
N 
107 
32 
77 
106 
70 
89 
44 
M 
114.6 
117.0 
118.2 
120.4 
122.1 
123.3 
125.1 
SD 
5.1 
5.3 
4.6 
4.1 
6.0 
4.5 
4.7 
sex-
difference 
1.9** 
3.5** 
3.6** 
2.0** 
2.3** 
1.6* 
2.8** 
Values for cephalic index 
of head 
T a b l e 7 
, i.e. head breadth expressed 
, , head breadth , „/.\ length — — — — χ 100 
head length 
is a percentage 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
102 
55 
32 
M 
80.2 
79.7 
80.1 
79.3 
79.9 
79.4 
79.1 
78.5 
SD 
4.5 
3.3 
3.8 
2.9 
3.4 
3.1 
3.6 
2.7 
female 
N 
107 
32 
77 
106 
70 
89 
44 
M 
79.2 
79.4 
78.4 
78.4 
79.0 
79.0 
78.9 
SD 
4.0 
3.1 
3.2 
3.4 
3.9 
3.4 
3.9 
difference 
1.0 
0.3 
1.7** 
0.9* 
0.9 
0.4 
0.2 
T a b l e 8 
Values for facial index, i.e. morphologic face height expressed as a percentage 
morphologic face height , _
n
 \ 
of bizygomatic breadth —— -——г ττ— x ЮО J b
 bizygomatic breadth 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
102 
55 
32 
M 
82.2 
83.3 
82.1 
83.5 
83.7 
84.5 
84.4 
86.2 
SD 
4.2 
4.4 
4.0 
4.2 
4.2 
4.8 
5.3 
4.1 
female 
N 
107 
32 
77 
106 
70 
88 
44 
M 
81.9 
81.2 
82.4 
82.8 
82.9 
84.3 
85.1 
SD 
4.8 
3.9 
4.1 
4.5 
4.7 
4.7 
4.8 
sex-
difference 
0.3 
2.1* 
-0.3 
0.7 
0.8 
0.2 
-0.7 
5 
T a b l e 9 
Values for transversal cephalic-facial index, i.e. bizygomatic breadth expressed 
. , . , , . / bizygomatic breadth , „„ \ 
as a percentage of head breadth — ψ — — — χ 100 
β
 I head breadth 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
102 
55 
32 
M 
82.4 
84.2 
84.8 
84.9 
85.9 
86.2 
87.5 
87.4 
SD 
2.5 
3.4 
2.6 
2.4 
2.6 
3.0 
3.3 
2.5 
female 
Ν 
107 
32 
77 
106 
70 
89 
44 
M 
83.7 
84.5 
85.2 
86.4 
86.9 
87.2 
88.3 
SD 
3.0 
3.1 
2.9 
2.8 
3.2 
2.9 
3.3 
sex-
difference 
-1.3** 
-0.3 
-0.4 
-1.5** 
-1.0* 
-1.0* 
-0.8 
T a b l e 10 
Values for distance between the endocanthions (en-en). in percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
101 
55 
32 
M 
12.8 
12.6 
12.6 
12.6 
12.5 
12.5 
12.6 
12.3 
SD 
0.7 
0.8 
0.7 
0.8 
0.7 
0.8 
0.8 
0.8 
female 
N 
107 
31 
77 
106 
69 
89 
44 
M 
12.8 
12.6 
12.5 
12.5 
12.6 
12.5 
12.3 
SD 
0.7 
0.9 
0.9 
0.8 
0.8 
0.7 
0.8 
sex-
difference 
0.0 
0.0 
0.1 
0.1 
-0.1 
0.0 
0.3(*) 
croes-sectional data 
20-29 
30-39 
40-49 
50-59 
31 
78 
106 
31 
11.7 
11.7 
11.9 
12.2 
1.0 
0.7 
0.9 
1.1 
14 
202 
208 
52 
12.2 
11.9 
11.9 
12.1 
0.6 
0.8 
0.8 
0.7 
-0.5(*) 
-0.2* 
0.0 
0.1 
T a b l e 11 
Values for distance between the ectocanthions (ex-ex). in percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
101 
55 
32 
M 
33.5 
33.5 
33.4 
33.6 
33.3 
33.2 
33.1 
33.2 
SD 
0.8 
0.8 
0.8 
0.8 
0.9 
1.0 
0.8 
0.8 
female 
N 
107 
31 
77 
106 
69 
89 
44 
M 
33.3 
33.1 
33.2 
33.1 
33.3 
33.1 
33.1 
SD 
0.9 
0.9 
0.8 
0.9 
0.8 
0.8 
0.8 
sex-
difference 
0.2 
0.4C) 
0.2 
0.5** 
0.0 
0.1 
0.0 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
31 
78 
106 
31 
32.6 
32.4 
32.2 
31.8 
0.9 
0.9 
1.0 
1.0 
14 
202 
208 
52 
32.9 
32.7 
32.5 
32.0 
0.7 
0.8 
0.9 
1.0 
-0.3 
-0.3** 
-0.3** 
-0.2 
T a b l e 12 
Values for distance between the pupils (p-p), in percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
N 
80 
39 
74 
97 
103 
101 
55 
32 
male 
M 
23.3 
23.4 
23.6 
23.5 
23.5 
23.7 
23.5 
23.6 
SD 
0.8 
0.6 
0.7 
0.7 
0.6 
0.8 
0.5 
0.5 
female 
N 
107 
31 
77 
106 
69 
89 
44 
M 
23.3 
23.3 
23.2 
23.3 
23.6 
23.5 
23.3 
SD 
0.7 
0.8 
0.6 
0.6 
0.6 
0.6 
0.7 
difference 
0.0 
0.1 
0.4** 
0.2* 
-0.1 
0.2(*) 
0.2 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
31 
78 
106 
31 
23.2 
23.4 
23.4 
23.3 
0.5 
0.7 
0.7 
0.8 
14 
202 
208 
52 
23.6 
23.4 
23.4 
23.5 
0.5 
0.7 
0.6 
0.8 
-0.4* 
0.0 
0.0 
-0.2 
7 
T a b l e 13 
Values for distance between the alares (al-al), in percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
101 
55 
32 
M 
13.1 
13.0 
13.0 
12.9 
13.2 
13.1 
13.1 
13.3 
SD 
0.7 
0.7 
0.8 
0.8 
0.7 
0.9 
0.9 
0.8 
female 
N 
107 
31 
77 
106 
69 
89 
44 
M 
13.1 
13.2 
13.3 
13.2 
13.0 
13.2 
13.3 
SD 
0.7 
0.7 
0.7 
0.8 
0.8 
0.9 
0.8 
sex-
difference 
0.0 
-0.2 
-0.3* 
-0.3** 
0.2(*) 
-0.1 
-0.2 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
31 
78 
106 
31 
14.1 
14.2 
14.1 
14.4 
0.7 
0.9 
0.9 
0.7 
14 
202 
208 
52 
13.5 
13.4 
13.6 
14.0 
1.1 
0.8 
0.9 
0.9 
0.6* 
0.8** 
0.5** 
0.4* 
T a b l e 14 
Values for distance between the cheilions (ch-ch), ir ι percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
101 
55 
32 
M 
17.3 
17.5 
17.4 
17.4 
17.4 
17.5 
17.7 
17.6 
SD 
1.3 
1.3 
1.1 
1.3 
1.2 
1.5 
1.0 
1.3 
female 
N 
107 
31 
77 
106 
69 
89 
44 
M 
17.6 
17.8 
17.8 
17.9 
17.5 
17.7 
18.0 
SD 
1.4 
1.6 
1.3 
1.3 
1.1 
1.0 
1.4 
sex-
difference 
-0.3 
-0.3 
-0.4* 
-0.5** 
-0.1 
-0.2 
-0.3 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
31 
78 
106 
31 
18.4 
18.3 
18.3 
18.3 
0.9 
1.1 
1.2 
1.4 
14 
202 
208 
52 
17.8 
18.6 
18.5 
18.4 
1.1 
1.3 
1.1 
1.3 
0.6(*) 
-o.3<·) 
-0.2 
-0.1 
T a b l e 15 
Values for distance between the endocanthions expressed as a percentage 
of distance between the ectocanthions 
\ ex-ex 
χ 100 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
101 
55 
32 
M 
38.2 
37.6 
37.8 
37.5 
37.7 
37.7 
38.0 
37.2 
SD 
2.5 
2.6 
2.2 
2.7 
2.5 
2.6 
2.7 
2.6 
female 
N 
107 
31 
77 
106 
69 
89 
44 
M 
38.5 
38.0 
37.7 
37.9 
37.7 
37.8 
37.4 
SD 
2.3 
3.1 
2.8 
2.6 
2.8 
2.4 
2.6 
difference 
-0.3 
-0.4 
0.1 
-0.4 
0.0 
-0.1 
0.6 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
32 
78 
106 
31 
35.9 
36.1 
37.2 
38.3 
3.6 
2.5 
3.4 
4.5 
14 
202 
208 
52 
37.3 
36.4 
36.8 
37.8 
1.7 
2.6 
2.8 
2.7 
-1.4 
-0.3 
0.4 
0.5 
T a b l e 16 
Values for distance between the endocanthions expressed as a percentage 
671—071 
of distance between the pupils — χ 100 
\ P-P 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
101 
55 
32 
M 
54.8 
53.9 
53.5 
53.4 
53.3 
53.0 
53.6 
52.3 
SD 
3.2 
3.2 
3.1 
3.4 
3.1 
3.4 
3.3 
3.5 
female 
N 
107 
31 
77 
106 
69 
89 
44 
M 
55.0 
54.2 
53.9 
53.9 
53.4 
53.3 
53.0 
SD 
3.4 
4.1 
3.9 
3.5 
3.6 
3.4 
3.5 
difference 
-0.2 
-0.3 
-0.4 
-0.5 
-0.1 
-0.3 
0.6 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
32 
78 
106 
31 
50.3 
49.9 
51.1 
52.2 
4.5 
3.2 
4.0 
5.6 
14 
202 
208 
52 
51.9 
50.8 
51.0 
51.5 
2.6 
3.5 
3.5 
3.5 
-1.6 
-0.9* 
0.1 
0.7 
9 
T a b l e 17 
Values for distance between the endocanthions expressed as a percentage 
of distance between the alares — — - χ 100 
al-al I 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
Ν 
80 
39 
74 
97 
103 
101 
55 
32 
M 
98.2 
97.5 
97.0 
97.8 
95.4 
96.2 
96.2 
93.2 
SD 
9.2 
9.6 
8.7 
10.2 
8.9 
10.2 
10.2 
8.8 
female 
Ν 
107 
31 
77 
106 
69 
89 
44 
M 
98.3 
96.0 
94.2 
95.8 
97.1 
95.7 
93.2 
SD 
9.5 
7.8 
10.0 
9.6 
10.6 
10.9 
10.1 
sex-
difference 
-0.1 
1.5 
2.8(·) 
2.0 
-1.7 
0.5 
3.0 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
32 
78 
106 
31 
82.9 
82.8 
85.0 
84.6 
8.7 
8.6 
8.5 
8.4 
14 
202 
208 
52 
91.3 
89.0 
88.1 
86.4 
10.1 
9.3 
9.1 
9.0 
-8.4** 
-6.2** 
- 3 . 1 * * 
-1.8 
T a b l e 18 
Ι 
Values for distance between the endocanthions expressed as a percentage 
of distance between the cheilions — — - χ 
\ch-ch 
100 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
39 
74 
97 
103 
101 
55 
32 
M 
74.5 
72.9 
72.8 
72.7 
72.4 
72.3 
71.2 
70.6 
SD 
8.8 
9.8 
7.2 
9.0 
7.7 
8.8 
7.2 
8.8 
female 
N 
107 
31 
77 
106 
69 
89 
44 
M 
73.5 
71.4 
70.8 
70.5 
72.1 
71.2 
69.3 
SD 
8.5 
9.5 
8.6 
8.1 
8.0 
6.7 
8.3 
sex-
difference 
1.0 
1.5 
2.0 
2.2(*) 
0.3 
1.1 
1.9 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
31 
78 
106 
31 
63.6 
64.0 
65.5 
66.9 
14 
202 
208 
52 
6.7 
6.0 
7.3 
9.1 
69.1 
64.3 
64.9 
65.9 
6.1 
7.4 
6.5 
7.1 
-5.5* 
-0.3 
0.6 
1.0 
T a b l e 19 
Values for distance between tragion and nasion' (ί-η'). in percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
13.3 
13.2 
13.2 
13.1 
13.0 
13.0 
13.0 
12.8 
SD 
0.5 
0.6 
0.4 
0.4 
0.5 
0.4 
0.5 
0.5 
female 
N 
101 
31 
75 
105 
69 
89 
43 
M 
13.1 
13.2 
13.0 
13.0 
12.9 
12.8 
12.8 
SD 
0.5 
0.4 
0.5 
0.4 
0.4 
0.6 
0.4 
difference 
0.2** 
0.0 
0.2** 
ОЛИ 
0.1 
0.2** 
0.2* 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
12.9 
12.7 
12.7 
12.6 
0.5 
0.5 
0.4 
0.5 
14 
203 
207 
52 
12.6 
12.7 
12.6 
12.5 
0.5 
0.5 
0.5 
0.5 
0.3* 
0.0 
0.1(*) 
0.1 
T a b l e 20 
Values for distance between tragion and pronasion (t-^rn), in percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
15.2 
15.1 
15.1 
15.1 
15.1 
15.1 
15.1 
15.0 
SD 
0.3 
0.3 
0.2 
0.3 
0.2 
0.3 
0.3 
0.3 
female 
N 
101 
31 
75 
105 
69 
89 
43 
M 
15.0 
15.1 
15.0 
15.1 
15.1 
15.0 
15.1 
SD 
0.3 
0.2 
0.3 
0.3 
0.3 
0.3 
0.3 
sex-
difference 
0.2** 
0.0 
0.1* 
0.0 
0.0 
0.1* 
0.0 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
15.3 
15.3 
15.3 
15.3 
0.4 
0.3 
0.3 
0.3 
14 
203 
207 
52 
15.2 
15.2 
15.2 
15.2 
0.2 
0.3 
0.4 
0.3 
0.1 
0.1* 
0.1* 
0.1 
I I 
T a b l e 21 
Values for distance between tragion and subnasion (t-sr ι), in percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
13.7 
13.6 
13.7 
13.7 
13.6 
13.7 
13.7 
13.6 
SD 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.3 
female 
N 
101 
31 
75 
105 
69 
89 
43 
M 
13.7 
13.7 
13.7 
13.6 
13.7 
13.6 
13.6 
SD 
0.3 
0.2 
0.2 
0.3 
0.2 
0.2 
0.2 
sex-
difference 
0.0 
-0 .1* 
0.0 
0.1** 
-0 .1** 
0.1** 
0.1* 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
13.6 
13.6 
13.4 
13.4 
0.2 
0.3 
0.3 
0.3 
14 
203 
207 
52 
13.5 
13.4 
13.4 
13.3 
0.2 
0.2 
0.3 
0.3 
0.1(*) 
0.2** 
0.0 
оли 
Values for distance between 
T a b l e 22 
tragion and lábrale superius (í-ís), in percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
14.3 
14.3 
14.3 
14.2 
14.3 
14.2 
14.3 
14.3 
SD 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
female 
N 
101 
31 
75 
105 
69 
89 
43 
M 
14.3 
14.2 
14.3 
14.2 
14.2 
14.2 
14.2 
SD 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
sex-
difference 
0.0 
0.1* 
0.0 
0.0 
0.1** 
0.0 
0.1* 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
13.9 
14.0 
13.9 
13.9 
0.2 
0.2 
0.2 
0.3 
14 
203 
207 
52 
14.0 
13.9 
13.8 
13.8 
0.2 
0.2 
0.3 
0.3 
-0.1 
0.1** 
0.1** 
0.1 
T a b l e 23 
Values for distance between tragion and lábrale inferius (t-li), in percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
14.2 
14.3 
14.4 
14.4 
14.5 
14.5 
14.5 
14.5 
SD 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 
0.3 
0.3 
female 
N 
101 
31 
75 
105 
69 
89 
43 
M 
14.3 
14.4 
14.4 
14.4 
14.4 
14.5 
14.5 
SD 
0.3 
0.2 
0.3 
0.3 
0.3 
0.3 
0.3 
difference 
-0 .1* 
-0.1 
0.0 
0.0 
0.1** 
0.0 
0.0 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
14.4 
14.3 
14.3 
14.3 
0.3 
0.3 
0.3 
0.3 
14 
203 
207 
52 
14.5 
14.3 
14.3 
14.3 
0.2 
0.3 
0.3 
0.3 
-0.1 
0.0 
0.0 
0.0 
T a b l e 24 
Values for distance between tragion and supramenton (t-sm), in percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
14.1 
14.1 
14.1 
14.1 
14.2 
14.2 
14.1 
14.2 
SD 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.4 
female 
N 
101 
31 
75 
105 
69 
89 
43 
M 
14.2 
14.2 
14.2 
14.2 
14.2 
14.3 
14.3 
SD 
0.3 
0.2 
0.3 
0.3 
0.3 
0.3 
0.3 
difference 
-0 .1* 
-0.1 
-0.1(*) 
-0.1* 
0.0 
-0.1* 
-0.2** 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
14.3 
14.2 
14.3 
14.5 
0.3 
0.3 
0.4 
0.3 
14 
203 
207 
52 
14.4 
14.4 
14.4 
14.6 
0.3 
0.3 
0.4 
0.3 
-0.1 
-0.2** 
-0.1* 
-0.1 
13 
T a b l e 25 
Values for distance between tragion and menton (í-m). in percentages 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
15.2 
15.3 
15.2 
15.4 
15.4 
15.4 
15.4 
15.6 
SD 
0.6 
0.5 
0.5 
0.5 
0.5 
0.4 
0.4 
0.5 
female 
N 
101 
31 
75 
105 
69 
89 
43 
M 
15.4 
15.2 
15.5 
15.4 
15.5 
15.6 
15.6 
SD 
0.5 
0.4 
0.5 
0.4 
0.5 
0:5 
0.5 
sex-
difference 
-0.2* 
0.1 
-0.3** 
0.0 
-0.1 
-0.2** 
-0.2* 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
15.6 
15.8 
16.0 
16.0 
0.4 
0.5 
0.5 
0.5 
14 
203 
207 
52 
15.8 
16.0 
16.1 
16.3 
0.5 
0.5 
0.6 
0.5 
-0.2 
-0.2** 
-0.1 
-0.3** 
T a b l e 26 
Values for distance tragion-nasion' expressed as a percentage 
of distance tragion-pronasion j ^ - — χ 100 I 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
38 
74 
96 
103 
101 
55 
32 
M 
87.7 
87.3 
87.6 
86.8 
86.2 
86.1 
85.8 
85.2 
SD 
2.7 
2.7 
2.4 
2.2 
2.5 
2.3 
2.4 
3.0 
female 
N 
106 
31 
75 
105 
69 
89 
43 
M 
87.1 
87.2 
86.4 
86.2 
85.8 
85.3 
84.9 
SD 
2.4 
2.2 
2.2 
2.3 
2.5 
2.9 
2.1 
sex-
difference 
0.6 
0.1 
1.2** 
0.6(·) 
0.4 
0.8* 
0.9(*) 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
32 
78 
105 
31 
83.7 
83.0 
82.6 
82.0 
2.9 
3.2 
2.3 
2.9 
14 
203 
207 
52 
83.5 
83.2 
83.0 
81.8 
2.7 
2.9 
2.7 
3.2 
0.2 
-0.2 
-0.4 
0.2 
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Values for distance tragion-nasion1 expressed as a percentage 
/ t-n' 
of distance tragion-subnasion χ 100 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
38 
74 
96 
103 
101 
55 
32 
M 
97.1 
96.Я 
96.3 
95.7 
95.2 
95.0 
94.7 
94.0 
SD 
2.9 
3.5 
3.0 
2.8 
3.0 
3.1 
3.3 
3.5 
female 
N 
106 
31 
75 
105 
69 
89 
43 
M 
95.9 
95.8 
95.2 
95.4 
94.8 
94.3 
94.3 
SD 
3.2 
2.6 
3.0 
2.6 
3.1 
3.8 
3.2 
sex-
difference 
1.2* 
1.0 
1.1* 
0.3 
0.4 
0.7 
0.4 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
32 
78 
105 
31 
94.2 
93.9 
94.3 
93.4 
3.6 
4.2 
3.1 
3.7 
14 
203 
207 
52 
94.0 
94.3 
94.7 
93.6 
3.6 
3.6 
3.4 
4.4 
0.2 
-0.4 
-0.4 
-0.2 
^ 
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Values for distance tragion-nasion' expressed as a ι percentage 
/ t-n' \ 
of distance tragion-labrale superius -r-r- x 100 \ f-ts / 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
38 
74 
96 
103 
101 
55 
32 
M 
93.1 
92.6 
92.7 
91.9 
91.0 
91.3 
90.9 
89.7 
SD 
3.6 
4.3 
3.4 
3.3 
3.6 
3.5 
3.9 
4.1 
female 
N 
105 
31 
75 
105 
69 
89 
43 
M 
92.0 
92.5 
91.2 
91.7 
91.2 
90.4 
90.4 
SD 
4.1 
3.1 
3.5 
3.3 
3.5 
4.4 
3.9 
sex-
difference 
1.1(*) 
0.1 
1.5** 
0.2 
-0.2 
0.9 
0.5 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
31 
78 
105 
31 
92.2 
91.3 
91.3 
90.3 
4.0 
4.8 
3.9 
4.5 
14 
203 
207 
52 
90.1 
91.2 
91.4 
90.2 
3.7 
4.2 
3.9 
5.0 
2.1 
0.1 
-0.1 
0.1 
15 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
Values for distance 
T a b l e 29 
tragion-nasion1 expressed as 
1 t-n' 
of distance tragion-lábrale inferius 1 —— χ 
m ixed-longitudinal data 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
93.5 
92.4 
92.1 
91.0 
89.7 
89.8 
89.5 
88.1 
SD 
4.2 
5.2 
4.0 
3.9 
4.3 
4.3 
4.7 
5.0 
a percentage 
IOO] 
female 
N 
102 
31 
75 
105 
69 
89 
43 
M 
91.8 
91.7 
90.4 
90.1 
89.8 
88.7 
88.3 
SD 
5.2 
3.4 
4.5 
4.2 
4.0 
5.1 
4.3 
difference 
1.7* 
0.7 
1.7* 
0.9 
-0.1 
1.1 
1.2 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
32 
78 
105 
31 
89.5 
88.9 
88.7 
88.1 
4.4 
4.9 
4.3 
4.5 
14 
203 
207 
52 
87.4 
88.5 
88.3 
87.3 
3.9 
4.7 
5.9 
5.2 
2.1 
0.4 
0.4 
0.8 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
Values for distance 
of distance 
m 
T a b l e 30 
tragion-nasion' expressed as 
' i-n' 
rragion-supramenton χ 
ixed-longitudinal data 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
94.4 
94.0 
93.6 
92.8 
91.6 
91.5 
91.7 
89.9 
SD 
4.9 
5.9 
4.7 
4.7 
4.9 
4.4 
5.0 
5.4 
a percentage 
100 
female 
N 
102 
31 
75 
105 
69 
89 
43 
M 
92.1 
93.0 
91.7 
91.7 
91.2 
90.0 
89.7 
SD 
5.3 
3.7 
5.1 
4.4 
4.2 
5.t 
4.5 
sex-
difference 
2.3** 
1.0 
1.9* 
1.1П 
0.4 
1.5* 
2.0* 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
90.2 
89.5 
88.6 
86.8 
4.7 
5.1 
4.5 
4.3 
14 
203 
207 
52 
87.9 
88.2 
87.7 
85.4 
4.8 
4.8 
5.2 
4.7 
2.3 
1.3* 
0.9 
1.4 
16 
T a b l e 31 
Values for distance tragion-nasion' expressed as 
of distance tragion-menton -z— χ 100 
t-tn 
ι percentage 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
N 
80 
38 
74 
96 
103 
101 
55 
32 
male 
M 
87.6 
86.3 
87.1 
85.2 
84.5 
84.1 
84.3 
82.0 
SD 
5.7 
6.2 
5.1 
4.9 
5.4 
4.7 
5.4 
5.5 
female 
N 
106 
31 
75 
105 
69 
89 
43 
M 
85.3 
86.7 
84.2 
84.4 
83.7 
82.6 
82.4 
SD 
5.7 
4.2 
5.2 
4.4 
4.7 
5.6 
4.8 
sex-
difference 
2.3** 
-0.4 
2.9** 
0.8 
0.8 
1.5* 
1.9(*) 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
82.3 
80.5 
79.4 
78.3 
4.5 
5.3 
4.8 
4.5 
14 
203 
207 
52 
80.1 
79.3 
78.7 
76.4 
5.2 
5.0 
5.4 
4.7 
2.2 
1.2(*) 
0.7 
1.9(*) 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
Values for 
T a b l e 32 
angle nasion1-tragion-menton (n'-t-m). 
m ixed-longitudinal data 
male 
N 
80 
38 
74 
96 
103 
101 
55 
32 
M 
57.0 
57.8 
56.1 
57.0 
57.2 
57.4 
57.0 
58.3 
SD 
4.8 
4.8 
4.3 
3.9 
4.2 
4.3 
4.5 
4.1 
in degree 
female 
N 
106 
31 
75 
105 
69 
89 
43 
M 
57.4 
55.3 
56.3 
57.3 
56.7 
57.3 
57.4 
SD 
5.0 
3.9 
4.3 
4.2 
4.1 
4.5 
4.0 
s 
sex-
difference 
-0.4 
2.5* 
-0.2 
-0.3 
0.5 
0.1 
-0.4 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
54.2 
55.6 
56.6 
56.1 
3.6 
3.8 
4.2 
4.7 
14 
203 
. 207 
52 
57.1 
56.0 
55.9 
56.0 
3.7 
4.5 
4.6 
4.4 
-2.9* 
-0.4 
0.7 
0.1 
17 
T a b l e 33 
Values for anglenasion'-tragion-pronasion (η'-t-pm), in degrees 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
20-29 
30-39 
40-49 
50-59 
N 
80 
38 
74 
96 
103 
101 
55 
32 
30 
78 
105 
31 
male 
M 
17.9 
18.7 
18.4 
18.8 
18.7 
19.4 
19.2 
20.1 
19.7 
20.2 
20.3 
20.9 
SD 
2.5 
'2.3 
2.6 
2.2 
1.9 
2.3 
2.3 
2.4 
N 
106 
31 
75 
105 
69 
89 
43 
cross-sectional data 
2.3 
2.4 
2.3 
2.7 
14 
203 
207 
52 
female 
M 
18.9 
18.7 
19.1 
19.3 
19.9 
20.2 
19.9 
21.8 
20.8 
21.0 
21.1 
SD 
2.4 
2.1 
2.5 
2.2 
2.2 
2.2 
2.2 
2.0 
2.4 
2.7 
2.7 
sex-
difference 
-1.0** 
0.0 
-0.7(*) 
-0.5 
-1.2** 
-0.8* 
-0.7 
-2 .1** 
-0.6(*) 
-0.7* 
-0.2 
Values for an 
T a b l e 34 
gle pronasion-tragion-subnasion (pm-t-sn), in degrees 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
38 
74 
96 
103 
101 
55 
32 
M 
6.9 
6.9 
6.7 
7.0 
7.0 
6.8 
7.0 
7.2 
SD 
1.0 
0.9 
1.0 
1.0 
1.0 
1.0 
0.9 
0.8 
female 
N 
106 
31 
75 
105 
69 
89 
43 
M 
7.0 
6.6 
6.7 
7.0 
6.9 
7.1 
6.9 
SD 
1.0 
1.1 
1.0 
0.9 
1.0 
1.1 
1.1 
sex-
difference 
-0.1 
0.3 
0.0 
0.0 
0.1 
-0.3(*) 
0.1 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
6.0 
6.2 
6.4 
6.4 
1.1 
1.1 
1.2 
1.1 
14 
203 
207 
52 
7.3 1 
7.2 
7.2 
7.4 
1.1 
1.2 
1.1 
1.0 
-1.3** 
-1.0** 
-0.8** 
-1.0** 
Values for angle 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
T a b l e 35 
subnasion-tragion-labrale superius (sn 
m ixed-longitudinal data 
male 
N 
80 
38 
74 
96 
103 
101 
55 
32 
M 
7.8 
7.5 
7.4 
7.2 
7.1 
7.2 
6.9 
7.0 
SD 
1.7 
1.8 
1.6 
1.3 
1.3 
1.4 
1.6 
1.0 
-t-ls), in ( 
female 
N 
105 
31 
75 
105 
69 
89 
43 
M 
7.4 
6.8 
7.0 
6.9 
7.0 
6.6 
6.9 
SD 
1.4 
1.4 
1.4 
1.3 
1.4 
1.3 
1.1 
degrees 
sex-
difference 
0.4(*) 
0.7(*) 
0.4 
0.3 
0.1 
0.6** 
0.0 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
6.6 
7.6 
8.5 
8.5 
1.2 
1.4 
1.4 
1.6 
14 
203 
207 
52 
6.0 
6.7 
7.2 
7.2 
1.1 
1.5 
1.4 
1.2 
0.6 
0.9** 
1.3** 
1.3** 
T a b l e 36 
Values for angle lábrale superius-tragion-labrale inferius (ls-t-li). in degrees 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
8.8 
9.2 
8.5 
8.7 
8.9 
8.6 
8.7 
8.8 
SD 
2.0 
2.4 
1.9 
1.9 
1.5 
1.6 
1.6 
1.3 
female 
N 
101 
31 
75 
105 
69 
89 
43 
M 
8.1 
8.4 
8.2 
8.5 
8.0 
8.2 
8.3 
SD 
1.8 
1.7 
1.6 
1.5 
1.6 
1.5 
1.9 
sex-
difference 
0.7* 
0.8 
0.3 
0.2 
0.9** 
0.4 
0.4 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
7.4 
7.0 
6.3 
5.5 
1.7 
1.8 
1.7 
1.3 
14 
203 
207 
52 
8.0 
7.2 
6.7 
6.2 
1.3 
1.7 
1.6 
1.6 
-0.6 
-0.2 
-0.4(*) 
-0.7(*) 
19 
T a b l e 37 
Values for angle lábrale inferius-tragion-supramenton (li· -f-sm), in degrees 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
5.8 
5.4 
5.2 
5.5 
5.4 
5.4 
5.3 
5.4 
SD 
1.3 
1.7 
1.3 
1.3 
1.3 
1.3 
1.4 
1.1 
female 
N 
101 
31 
75 
105 
69 
89 
43 
M 
5.7 
5.4 
5.4 
5.7 
5.3 
5.6 
5.3 
SD 
1.5 
1.1 
1.5 
1.4 
1.2 
1.4 
1.3 
sex-
difference 
0.1 
0.0 
-0.2 
-0.2 
0.1 
-0.2 
0.0 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
5.5 
5.8 
6.1 
6.2 
0.9 
1.2 
1.3 
1.6 
14 
203 
207 
52 
4.9 
5.3 
5.2 
5.4 
1.1 
1.3 
1.2 
1.1 
0.6(*) 
0.5** 
0.9** 
0.8* 
T a b l e 38 
Values for angle supramenton-tragion-menton (sm-f-m), in degrees 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
79 
37 
74 
96 
103 
101 
55 
32 
M 
9.9 
10.1 
9.9 
9.9 
10.2 
10.0 
9.8 
9.9 
SD 
1.8 
female 
N 
102 
1.5 ' 31 
1.8 
1.7 
1.9 
1.7 
1.7 
1.8 
75 
105 
69 
89 
43 
M 
10.2 
9.4 
9.9 
9.9 
9.5 
9.6 
10.0 
SD 
1.8 
1.5 
1.6 
1.7 
1.7 
1.7 
1.8 
sex-
difference 
-0.3 
0.7* 
0.0 
0.0 
0.7* 
0.4 
-0.2 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
9.1 
8.8 
8.9 
8.6 
1.2 
1.5 
1.6 
1.8 
14 
203 
207 
52 
9.1 
8.7 
8.7 
8.7 
0.8 
1.4 
1.3 
1.1 
0.0 
0.1 
0.2 
-0.1 
Values for angle nasion' 
of an 
T a b l e 39 
-tragion-subnasion expressed 
gle subnasion-tragion-menton In'-t-sn \ sn-t-m 
as a percentage 
χ 100 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
38 
74 
96 
103 
101 
55 
32 
M 
77.3 
80.4 
81.5 
83.2 
82.3 
84.6 
86.1 
88.5 
SD 
11.1 
10.2 
10.6 
10.1 
10.1 
10.3 
10.9 
12.9 
female 
N 
106 
31 
75 
105 
69 
89 
43 
M 
83.2 
85.4 
85.2 
85.5 
90.0 
91.7 
88.4 
SD 
10.0 
10.9 
11.1 
9.9 
9.8 
11.5 
10.7 
sex-
difference 
-5.9** 
-5.0(*) 
-3.7* 
-2.3 
-7.7** 
- 7 . 1 * * 
-2.3 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
90.3 
91.1 
90.7 
95.8 
10.2 
12.0 
12.6 
14.1 
14 
203 
207 
52 
103.9 
101.2 
102.5 
104.4 
7.6 
13.8 
13.6 
13.1 
-13.6** 
-10.1** 
-11.8** 
-8.6** 
T a b l e 40 
Values for angle tragion-nasion'-subnasion (f-n'-sn , in degrees 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
N 
80 
38 
74 
96 
103 
101 
55 
32 
male 
M 
81.4 
81.2 
82.3 
82.6 
83.3 
83.2 
83.4 
83.5 
SD 
3.6 
4.3 
4.0 
3.6 
3.8 
4.0 
4.1 
3.4 
Ν 
106 
31 
75 
105 
69 
89 
43 
female 
M 
82.2 
82.7 
83.2 
82.5 
83.0 
83.2 
83.6 
SD 
4.0 
3.2 
3.8 
3.5 
3.9 
4.2 
4.2 
sex-
difference 
-0.8 
-1.5 
-0.9 
0.1 
0.3 
0.0 
-0.2 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
84.4 
84.5 
83.6 
84.4 
4.7 
5.4 
3.9 
4.6 
14 
203 
207 
52 
82.3 
82.6 
82.1 
83.2 
4.1 
4.1 
4.2 
5.3 
2.1 
1.9** 
1.5** 
1.2 
21 
Values for 
T a b l e 41 
angle tragion-nasion'-menton (t-n'-m). in degrees 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
38 
74 
96 
103 
101 
55 
32 
M 
68.4 
68.6 
69.3 
69.8 
70.2 
70.3 
70.4 
70.9 
SD 
3.7 
3.3 
2.8 
3.0 
3.9 
3.6 
3.6 
3.3 
female 
N 
106 
31 
75 
105 
69 
89 
43 
M 
69.6 
70.2 
71.0 
70.1 
71.0 
71.3 
71.3 
SD 
3.5 
3.3 
3.5 
3.1 
3.3 
3.9 
3.5 
difference 
-1.2* 
- 1 . 6 H 
-1.7** 
-0.3 
-0.8 
-LOT) 
-0.9 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
73.7 
73.9 
73.8 
74.9 
14 
203 
207 
52 
73.0 
74.3 
74.8 
76.1 
3.2 
3.6 
4.4 
3.5 
3.4 
4.8 
3.9 
3.7 
0.7 
-0.4 
-1.0(*) 
-1.2 
T a b l e 42 
Values for angle nasion'-subnasion-mentor ι (n'-sn-m ), in degrees 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
N 
80 
38 
74 
96 
103 
101 
55 
32 
M 
158,0 
158.3 
157.4 
157.7 
157.1 
157.3 
157.0 
157.7 
SD 
5.8 
4.7 
5.4 
4.9 
5.0 
5.0 
4.9 
4.9 
female 
N 
106 
31 
75 
105 
69 
89 
43 
M 
158.0 
157.8 
158.6 
158.1 
158.3 
158.4 
158.1 
SD 
5.5 
4.3 
5.5 
5.7 
6.0 
5.2 
5.2 
sex-
difference 
0.0 
0.5 
-1.2 
-0.4 
-1.2 
-1.1 
-1.1 
cross-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
160.8 
161.1 
162.B 
162.8 
6.0 
6.6 
6.9 
6.7 
14 
203 
207 
52 
162.4 
164.7 
166.5 
167.0 
4.8 
6.4 
6.6 
7.2 
-1.6 
-3.6** 
-3.7** 
-4.2** 
T a b l e 43 
Values for angle nasion'-pronasion-menton (n'-pm- m), in degrees 
mixed-longitudinal data 
age 
in years 
7 
8 
9 
10 
11 
12 
13 
14 
male 
Ν 
80 
38 
74 
96 
103 
101 
55 
32 
M 
129.0 
129.5 
130.0 
129.9 
128.8 
129.5 
128.7 
129.7 
SD 
5.8 
4.3 
5.3 
4.8 
4.3 
4.9 
4.6 
4.9 
female 
Ν 
106 
31 
75 
105 
69 
89 
43 
M 
130.5 
130.2 
130.6 
129.5 
130.1 
130.1 
128.7 
SD 
5.3 
5.3 
4.8 
5.4 
5.3 
4.8 
4.7 
difference 
-1.5(*) 
-0.7 
-0.6 
0.4 
-1.3(*) 
-0.6 
0.0 
cros s-sectional data 
20-29 
30-39 
40-49 
50-59 
30 
78 
105 
31 
128.0 
127.6 
127.3 
127.8 
5.5 
5.8 
5.5 
5.6 
14 
203 
207 
52 
130.2 
129.8 
130.4 
129.8 
3.8 
5.4 
5.8 
5.6 
-2.2 
-2.2** 
- 3 . 1 * * 
-2.0 
23 
T a b l e 44 
Absolute growth of stature, in cm (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
10.5** 
9.0** 
8.9** 
10.3** 
19.2** 
19.6** 
SE 
0.2 
0.3 
0.2 
0.8 
0.3 
0.9 
SD 
1.5 
1.7 
1.5 
3.8 
1.9 
4.3 
girls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
10.2** 
10.4** 
10.1** 
6.6** 
20.3** 
16.4** 
SE 
0.3 
0.5 
0.5 
0.4 
0.7 
0.6 
SD 
2.1 
2.6 
2.5 
1.6 
3.1 
2.6 
sex-
diffe-
rence 
0.3 
-1.4** 
-1.2* 
-1.1 
T a b l e 45 
Relative growth of stature (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
8.4** 
6.7** 
6.4** 
7.0** 
15.3** 
14.1** 
SE 
0.2 
0.2 
0.1 
0.5 
0.3 
0.7 
SD 
1.1 
1.3 
1.0 
2.5 
1.5 
3.0 
girls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
8.3** 
7.8** 
7.3** 
4.4** 
16.5** 
11.8** 
SE 
0.3 
0.4 
0.4 
0.3 
0.6 
0.5 
SD 
1.8 
2.0 
1.9 
1.1 
2.5 
2.0 
sex-
diffe-
rence 
0.1 
- 1 . 1 * 
-0.9* 
-1.2* 
T a b l e 46 
Absolute growth of head length, in mm (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
3.1** 
2.4** 
2.7** 
2.7** 
5.2** 
5.9** 
SE 
0.3 
0.3 
0.3 
0.4 
0.3 
0.7 
SD 
1.7 
2.1 
2.1 
2.0 
1.8 
3.1 
girls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
3.9** 
2.6** 
2.7** 
2.0** 
6.6** 
4.6** 
SE 
0.4 
0.3 
0.5 
0.2 
0.8 
0.5 
SD 
2.8 
1.7 
2.2 
0.8 
3.3 
2.1 
sex-
diffe-
rence 
-0.8(*) 
-0.2 
0.0 
-1.4(*) 
T a b l e 47 
Relative growth of head length (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
1.8** 
1.3** 
1.5** 
1.5** 
3.0** 
3.3** 
SE 
OJ 
0.2 
0.2 
0.2 
0.2 
0.4 
SD 
1.0 
1.2 
1.2 
1.1 
1.0 
1.8 
girls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
2.3** 
1.5** 
1.5** 
1.1** 
3.9** 
2.6** 
SE 
0.3 
0.2 
0.3 
0.1 
0.5 
0.3 
SD 
1.6 
1.0 
1.2 
0.4 
2.0 
1.2 
sex-
diffe-
rence 
-0.5(*) 
-0.2 
0.0 
-0.9* 
25 
T a b l e 48 
Absolute growth of head breadth, in mm (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
1.3** 
1.6** 
1.5** 
1.6** 
2.6** 
3.9** 
SE 
0.2 
0.2 
0.3 
0.3 
0.2 
0.6 
SD 
1.3 
1.6 
2.1 
1.3 
1.4 
2.9 
gir ls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
2.3** 
2.1** 
1.4* 
1.1* 
4.4** 
2.9** 
SE 
0.6 
0.4 
0.6 
0.4 
0.9 
0.5 
SD 
3.4 
2.5 
2.6 
1.5 
3.8 
2.2 
sex-
diffe-
rence 
-1.0(*) 
-0.5 
0.1 
-1.8* 
T a b l e 49 
Relative growth of head breadth (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
1.0** 
1.1** 
1.1** 
1.1** 
1.9** 
2.7** 
SE 
0.1 
0.2 
0.2 
0.2 
0.2 
0.4 
SD 
0.9 
1.1 
1.5 
1.0 
1.0 
2.1 
girls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
1.7** 
1.5** 
1.1* 
0.7* 
3.3** 
2.1** 
SE 
0.4 
0.3 
0.4 
0.3 
0.7 
0.4 
SD 
2.6 
1.8 
2.0 
1.1 
2.9 
1.8 
sex-
diffe-
rence 
-0.7(*) 
-0.4 
0.0 
-1.4* 
26 
T a b l e 50 
Absolute growth of head circumference, in mm (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
9.5** 
5.8** 
9.5** 
8.4** 
14.6** 
18.4** 
SE 
0.7 
0.8 
0.9 
1.3 
0.9 
1.8 
SD 
4.9 
5.4 
6.3 
6.4 
5.5 
8.4 
• girls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
8.3** 
6.7** 
9.0** 
5.6** 
7.2** 
15.9** 
SE 
1.4 
1.4 
1.3 
1.1 
2.0 
1.5 
SD 
8.7 
8.0 
6.0 
4.5 
8.4 
6.4 
sex-
diffe-
rence 
1.2 
-0.9 
0.5 
7.4** 
T a b l e 51 
Relative growth of head circumference (semi-longitundinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
1.9** 
1.1** 
1.8** 
1.6** 
2.9** 
3.5** 
SE 
0.1 
0.2 
0.2 
0.2 
0.2 
0.4 
SD 
1.0 
1.0 
1.2 
1.2 
1.1 
1.7 
gir ls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
1.6** 
1.3** 
1.7** 
1.1** 
1.4** 
3.1** 
SE 
0.3 
0.3 
0.3 
0.2 
0.4 
0.3 
SD 
1.7 
1.6 
1.2 
0.8 
1.6 
1.3 
sex-
diffe-
rence 
0.3 
-0.2 
0.1 
1.5**1 
27 
T a b l e 52 
Absolute growth of morphologic face height, in m m (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
4.4** 
4.4** 
4.8** 
5.6** 
9.5** 
10.5** 
SE 
0.5 
0.4 
0.6 
0.7 
0.6 
1.1 
SD 
3.6 
2.9 
4.2 
3.4 
3.3 
5.2 
girls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
4.2** 
5.9** 
7.2** 
3.6** 
7.5** 
11.5** 
SE 
0.8 
0.6 
1.0 
0.9 
1.2 
0.9 
SD 
5.2 
3.4 
4.5 
3.5 
4.9 
3.6 
sex-
diffe-
rence 
0.2 
-1.5* 
-2.4* 
2.0(*) 
T a b l e 53 
Relative growth of morphologic face height (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
4.7** 
4.5** 
4.8** 
5.4** 
10.0** 
10.6** 
SE 
0.6 
0.4 
0.6 
0.7 
0.6 
1.2 
SD 
3.8 
2.9 
4.1 
3.4 
3.7 
5.3 
girls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
4.6** 
6.1** 
7.6** 
3.5** 
8.0** 
12.1** 
SE 
0.9 
0.6 
1.1 
0.9 
1.3 
1.0 
SD 
5.7 
3.6 
4.9 
3.5 
5.3 
4.3 
sex-
diffe-
rence 
0.1 
-1.6* 
-2.8* 
2.0 
T a b l e 54 
Absolute growth of bizygomatic breadth (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
5.9** 
2.7** 
3.9** 
3.6** 
7.4** 
8.4** 
SE 
0.4 
0.4 
0.4 
0.4 
0.4 
0.6 
SD 
2.5 
2.5 
2.9 
1.7 
2.6 
2.6 
gir ls 
age in 
years 
7-9 
9-U 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
6.2** 
5.9** 
4.2** 
1.9 
9.8** 
6.8** 
SE 
0.7 
0.9 
0.8 
1.1 
0.8 
0.9 
SD 
4.1 
4.9 
3.5 
4.3 
3.4 
3.6 
sex-
diffe-
rence 
-0.3 
-3.2** 
-0.3 
-2.4** 
T a b l e 55 
Relative growth of bizygomatic breadth (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
5.1** 
2.2** 
3.2** 
2.9** 
6.4** 
7.0** 
SE 
0.3 
0.3 
0.4 
0.3 
0.4 
0.5 
SD 
2.3 
2.0 
2.4 
1.4 
2.3 
2.2 
gir ls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
5.5** 
5.1** 
3.5** 
1.6<*) 
8.7** 
5.7** 
SE 
0.6 
0.7 
0.6 
0.9 
0.8 
0.7 
SD 
3.8 
4.2 
2.9 
3.5 
3.2 
3.1 
sex-
diffe-
rence 
-0.4 
-2.9** 
-0.3 
-2.3** 
29 
T a b l e 56 
Absolute changes of cephalic index (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
-0.6** 
-0.2 
-0.3(* 
-0.3 
-0.9** 
-0.4 
SE 
0.2 
0.2 
0.2 
0.2 
0.2 
0.4 
SD 
1.2 
1.2 
l . l 
1.0 
1.1 
1.6 
gir ls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
-0.5 
0.0 
-0.4 
-0.3 
-0.5 
-0.4 
SE 
0.3 
0.3 
0.4 
0.2 
0.4 
0.4 
SD 
1.9 
1.5 
1.8 
0.8 
1.5 
1.5 
sex-
diffe-
rence 
-0.1 
-0.2 
0.1 
-0.4 
T a b l e 57 
Absolute changes of facial index (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
-0.3 
1.8** 
1.3* 
1.9** 
2.8** 
2.7** 
SE 
0.5 
0.5 
0.5 
0.6 
0.5 
0.8 
SD 
3.4 
3.1 
3.6 
3.1 
3.0 
3.7 
gir ls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
-0.9 
0.9 
3.2** 
1.5 
-0.6 
4.8** 
SE 
1.0 
0.6 
0.9 
1.0 
0.9 
1.0 
SD 
6.3 
3.5 
3.9 
4.2 
3.5 
4.1 
sex-
diffe-
rence 
0.6 
0.9 
-1.9(*) 
3.4** 
T a b l e 58 
Absolute changes of transversal cephalic-facial index (semi-longitudinal data) 
boys 
age in 
years 
7-9 
9-11 
10-12 
12-14 
7-11 
10-14 
N 
46 
44 
46 
24 
34 
21 
M 
3.3** 
0.9** 
1.8** 
1.5** 
3.6** 
3.5** 
SE 
0.3 
0.2 
0.3 
0.2 
0.3 
0.5 
SD 
1.8 
1.5 
2.2 
1.1 
1.7 
2.4 
girls 
age in 
years 
7-9 
9-11 
10-12 
12-13 
7-11 
10-13 
N 
38 
32 
21 
16 
17 
17 
M 
3.1** 
2.9** 
2.1** 
0.7 
4.3** 
3.0** 
SE 
0.6 
0.7 
0.6 
0.8 
0.8 
0.7 
SD 
3.6 
3.9 
2.9 
3.2 
3.3 
2.9 
sex-
diffe-
rence 
0.2 
-2.0** 
-0.3 
-0.7 
32 



